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History of the Gastric Bypass

Arthur Belarmino Garrido Jr., 
Alexandre Amado Elias, Marcelo Roque de 
Oliveira, Renato Massaru Ito, 
and Henrique Yoshio Shirozaki

During the second half of the twentieth century, 
obesity of high degrees became frequent, affect-
ing physical, psychological, and social health 
and increasing mortality rate. The current clini-
cal therapies could not efficiently solve that sit-
uation. The first surgical attempts of treatment 
consisted of resection or bypass of large exten-
sions of the small intestine, which caused mal-
absorption of nutrients and weight loss. But 
they provoked also intense undesirable side 
effects and were abandoned after about one 
decade [1, 2].

In 1966, Edward Mason [3] introduced to the 
bariatric surgery a different approach, based not 
in malabsorption but in restriction to the inges-
tion of food by the reduction of gastric capacity. 
He was inspired by the observation that the sub-
total gastrectomies, then widely used in the treat-
ment of peptic ulcers, often resulted in weight 
loss. The initial gastric bypass procedures con-
sisted of horizontal section of the upper stomach, 
leaving a functioning pouch of 10% of its vol-
ume, and anastomosis to a proximal jejunal loop, 
excluding 90% of the gastric reservoir from the 
alimentary transit (Fig. 1.1).

The procedure was reluctantly accepted because 
vomiting, distress, and midterm recurrence of obe-
sity were not rare, because of the large and disten-
sible proximal pouch, the wide gastrojejunostomy, 
and the biliopancreatic reflux. With time, Mason 
and other surgeons improved the method by:

 (a) Reducing the proximal pouch [4–6]
 (b) Using surgical staplers to build the pouch [7, 8]
 (c) Adopting Roux Y gastrojejunal anastomosis 

to prevent biliopancreatic reflux [9] (Fig. 1.2)
 (d) Dividing the stapled stomach to facilitate the 

anastomosis and prevent rupture of the staple 
line [10]
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Fig. 1.1 MASON – 1st gastric bypass
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 (e) Encircling the gastrojejunostomy with a 
band of abdominal fascia as a ring of 11 mm 
diameter in order to prevent dilation of the 
outlet [11]

 (f) Locating the proximal pouch near the small 
curvature, thicker, to prevent pouch dilation 
[12] (Fig. 1.3)

 (g) Increasing the malabsorptive component 
using a gastroileal anastomosis Roux-en-Y 
(distal bypass), to correct obesity recurrence 
after regular bypass [13]

 (h) Vertical division of the pouch near the small 
curvature with a silicone ring above the gas-
trojejunal anastomosis and interposition of a 
jejunal segment between the two parts of the 
stomach to prevent gastrogastric fistula 
[14–17]

In 1993, we started gastric bypass in Brazil at 
the University of São Paulo Medical School  – 
Hospital das Clínicas [18]. We followed the tech-
nique learned from Raphael Capella:

• Upper midline incision
• Vertical pouch of about 20 ml divided by lin-

ear staplers (Fig. 1.4)
• Silicone ring of 6.5 cm circumference
• Retrocolic and retrogastric Roux-en-Y gastro-

jejunostomy: biliopancreatic limb 30–50  cm 
from the ligament of Treitz and alimentary 
limb 100  cm with 10  cm proximal jejunum 
interposed between the separated parts of the 
stomach (Fig. 1.5)

As proposed by Mathias Fobi, we employed 
routine upper abdominal drainage and gastros-
tomy (Fig. 1.6).

Fig. 1.2 GRIFFEN – RYGBP

Fig. 1.3 TORRES – small curvature pouch Fig. 1.4 CAPELLA – vertical pouch with silicone ring

A. B. Garrido Jr. et al.
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This procedure was adopted by most Brazilian 
bariatric surgeons for over 10 years, and we per-
formed 6000 surgeries of this procedure up to 
2006. Average excess weight loss was about 
65–70% after 5  years with near or over 50% 
weight regain rate of 10–15%. Improvement of 
associated diseases was outstanding. Most 
threatening immediate postoperative complica-
tions were staple line leaks (2%) and respiratory 
failure due to bronchopneumonia or pulmonary 
thromboembolism (1%). Mortality rate is 0.5%. 
Late complications mainly malnutrition, like 
anemia and hypoalbuminemia, needed careful 
follow-up control and were clearly related to the 
obstacle to protein ingestion caused by the sili-
cone ring. From 2006, we abandoned the use of 
silicone ring (Fig. 1.7).

In 1995, Wittgrove and Clark [19] established 
a standard technique for laparoscopic gastric 
bypass. They helped us to learn it, and we pro-

gressively adapted to this new technology until 
quitting open gastric bypass for the last 10 years. 
Our group of surgeons in private practice per-
formed over 15,000 laparoscopic Roux-en-Y 
gastric bypass (LRYGBP) surgeries without a 
ring (Fig. 1.8). Better exposure, advanced instru-
ments, and surgeons’ cumulated experience 
resulted in extraordinary reduction of surgical 
complications (less than 0.2% leaks and less than 
0.01% of respiratory failures). Surgical mortality 
in the last 3 years was absent.

Similar progressive improvement in the results 
of LRYGBP is reported in most large series 
around the world [20–23].

The use of robotics in RYGBP started with the 
new millennium, the first reports of series dating 
from 2001 [24–26]. Tridimensional visualization 
and more accurate instrumental handling were 
emphasized. In São Paulo, Abdalla (2012) pub-
lished an initial experience with robotic bariatric 
procedures like gastric band, vertical banded gas-
troplasty, and gastric bypass [27]. Under the 
supervision of Keith Kim from the Celebration 

Fig. 1.5 CAPELLA – RYGBP with interposed loop

Fig. 1.6 FOBI – RYGBP with drainage and gastrostomy

1 History of the Gastric Bypass
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(FL-USA) Robotic Center, Alexandre Amado 
Elias, in our group, started robotic RYGBP in 
2010, counting presently 30 of those procedures 
performed (Figs.  1.8 and 1.9). The potential 
advantages of the method are becoming more 

and more evident, especially in difficult cases, 
when precision is important. An example is the 
performance of RYGBP after previous gastric 
fundoplication.

Gastric bypass after 50  years of existence 
keeps representing a main tendency in surgical 
treatment of obesity and its comorbidities. The 
procedure is continuously benefiting from the 
progress of technology and better understanding 
of the obese patients and their needs and 
characteristics.
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Gastric Bypass: Mechanisms 
of Functioning

Carel W. le Roux and Piriyah Sinclair

 Introduction

This chapter focusses on the underlying mecha-
nisms of functioning of the Roux-en-Y gastric 
bypass (RYGB) – from its benefits (weight loss and 
comorbidity improvement) through to its complica-
tions. RYGB is no longer considered a purely 
mechanically restrictive and malabsorptive proce-
dure but a metabolic procedure most likely to involve 
complex gut-brain signalling and physiological 
changes. It is likely that the gut has endocrine and 
metabolic functions that regulate appetite, satiety, 
weight and glucose metabolism. The full extent of 
these mechanisms is still not fully understood. Here 
we explore the current body of evidence.

 The Benefits

 Weight Loss

RYGB can result in up to 25% total body weight 
loss (68.2% excess weight loss) [1] which is 
maintained in the long term [2]. Traditionally, 
weight loss post RYGB was attributed to the 

mechanical effects of consuming a smaller 
 volume and bypassing the small bowel. However, 
it is likely that there is a complex interplay of 
physiological mechanisms including:

 Food Intake
Observations suggest that although dietary restric-
tion with a low-calorie diet can initiate weight 
loss, randomized controlled trials (RCT) demon-
strate poor maintenance of this weight loss [3, 4] 
Additionally, low-calorie diets result in increased 
hunger, decreased satiety, and fixation on energy-
dense foods [5, 6]. This may be part of a normal 
physiological response to overcome the volume 
restriction and not due to lack of motivation [7].

Although RYGB has historically been con-
sidered a mechanically restrictive procedure 
resulting in caloric restriction, high-pressure 
manometry studies have revealed contrary find-
ings after RYGB with normal pressures in the 
oesophagus, low pressures in the gastric pouch 
proximal to the anastomosis and higher pres-
sures distal to the anastomosis [8]. Despite over-
all lower food intake, patients report decreased 
premeal hunger and increased satiety [9, 10]. 
Additionally, the fixation on energy-dense sweet 
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and fatty foods is not reported unlike with 
caloric restriction [11, 12]. These changes in 
eating behaviour were first reported in the 
1970s, where structured interviews were used 
to identify that patients reached satiety earlier 
post RYGB, commonly due to a “lack of 
desire” to eat more [13]. The reduction in calo-
rie intake after RYGB is usually due to reduced 
meal size, reduced liquid intake, slower eating 
rate, and reduced calorie content of the actual 
foods eaten, compensated only partially by 
increased meal frequency [14, 15]. These find-
ings may be explained by changes in the feed-
back signals from the GI tract to the brain after 
RYGB [15].

Further evidence that mechanical restriction 
does not have a significant role to play in gastric 
bypass mechanistically includes the fact that 
patients decrease their liquid intake, with no 
attempt to overcome mechanical restraint with 
food dilution, and blocking the hormone response 
in RYGB patients with a somatostatin analogue 
(keeping the pouch and stoma size constant) can 
double food intake [16].

After RYGB there is initially a decrease in 
daily energy intake to 600–700  kcal [17, 18]. 
This increases from the first month after surgery 
and continues to increase to 1000–1800  kcal 
during the first year [7, 17, 19, 20]. On average 
a reduction in intake of 1800 kcal per day com-
pared to presurgery can be sustained for several 
years [19, 21]. Fat and carbohydrate intake 
decreases during the first post-operative year but 
returns to preoperative levels after the first year 
[17], although many patients increase their 
intake of lower glycaemic index carbohydrates 
over the longer term and have a compensatory 
reduction in intake of high glycaemic index car-
bohydrates and fatty foods [7]. Recommended 
protein intake is at least 1.5 g/kg/day. However, 
during the first year post-surgery, protein intake 
often falls to 0.5 g/kg [20]. We remain uncertain 
regarding the processes underlying this, but it 
may be explained by a temporary intolerance to 
the higher fat contents of meats and dairy foods 
[17, 18, 20]. The pattern of behaviour is sugges-
tive of conditioned avoidance and not condi-
tioned aversion.

There are several potential mechanisms for 
these noted observations in food intake, which 
include the following.

Mechanical Factors: Increased Transit of Food 
Through the Gastric Pouch into the Midgut
The technique of Roux-en-Y gastric bypass 
(RYGB) involves fashioning a small 15–30  ml 
gastric pouch, which is divided from the gastric 
remnant and anastomosed to the distal jejunum – 
forming a gastrojejunostomy. A Roux-en-Y 
jejuno-jejunostomy is then fashioned by anasto-
mosing the alimentary or Roux limb with the 
excluded biliopancreatic limb (BPL).

The effect of the size of the gastric pouch and 
gastrojejunal anastomosis (stoma) in RYGB sur-
gery on food intake and weight loss is controver-
sial. Some studies suggest that the larger the 
pouch and stoma diameter, the less the weight 
loss [22–24]; others show no correlation between 
these variables [25, 26]. Initially restriction with 
a small stoma was thought to reduce transit of 
food from the oesophagus into the jejunum, but 
the current aim is rapid transit into the jejunum to 
reduce meal size [27]. As time from surgery pro-
gresses, the stoma becomes more “compliant,” 
allowing food to transit more easily from the 
pouch into the alimentary limb. However, food 
may also become stored in the pouch and not 
empty as rapidly as desired. Due to these varying 
factors, the initial size of the stoma may not affect 
weight loss in the long term [28].

Change in Gut Morphology
RYGB results in specific changes in the morphol-
ogy of intestinal mucosa of animal models, 
including segmental hypertrophy of the small 
intestine [29–31]. In particular the muscular and 
mucosal layers are thicker in the Roux limb after 
RYGB, with increases in mucosal crypt depth 
and villi height. Similar changes may also be 
seen in the common channel, but not in the 
BPL.  The mechanisms for this are unclear but 
may be a combination of increased release of 
GLP-2 from intestinal L cells [32] and stimula-
tion of the intestine by nutrients and other fac-
tors. Post RYGB the hormonal secretory capacity 
of the small bowel increases, along with the L 
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cell density (releasing GLP 1, GLP2 and PYY) 
and other enteroendocrine cells (e.g. cholecysto-
kinin immunoreactive cells) [15].

Hormonal
Ghrelin was the first hormone to be studied with 
respect to weight loss after RYGB.  Ghrelin 
affects glucose regulation, gut motility and gas-
tric emptying. Initial studies suggested that ghre-
lin levels decreased post RYGB, and it was 
postulated that this led to reduced hunger after 
RYGB [7]. However, subsequent studies showed 
variability in fasting and postprandial ghrelin lev-
els, with some showing an increase in fasting lev-
els [7]. Overall there appears to be a comparative 
ghrelin deficiency post RYGB compared to the 
normal increases after diet-induced weight loss 
[33, 34]. However, it is unclear if the changes in 
circulating ghrelin affect weight loss or eating 
behaviours. In one study, ghrelin-deficient mice 
showed comparable food intake, body weight, 
dietary fat preference and glucose tolerance to 
wild-type mice post VSG [35].

Excluding ghrelin, the endogenous gut hor-
mone response to a meal increases post RYGB, 
including glucagon-like peptide-1 (GLP-1), pep-
tide YY (PYY), amylin and CCK (cholecystoki-
nin). Two days post RYGB, the response has 
been shown to increase [16] and may remain 
increased for over a decade after RYGB [36]. It is 
postulated that the alteration in nutrient concen-
trations (higher in the distal segments) post 
RYGB gives stimulus to enteroendocrine cells to 
release these “satiety” hormones, and the 
increased secretion is thought to contribute to 
increased satiety, reduced food intake and sus-
tained weight loss after RYGB. Other postulated 
mechanisms include the possibility of undiluted 
nutrients in the alimentary limb leading to 
increased levels of GLP-1, PYY and possibly 
CCK, as well as undiluted bile acids in the com-
mon limb stimulating L cell secretion.

The evidence for the effect of these hormones 
exists, but it is unclear whether they have a 
directly causal role in weight loss post RYGB. It 
is important to realize that this lack of clarity 
with respect to causality may be due to the fact 
that most studies look at single aspects and not 

the cumulative changes of all the hormones in 
parallel – the true effects mediating satiation after 
a meal are likely to be synergistic. Patients with 
the highest postprandial levels of satiety hor-
mones lost the most weight post RYGB [37, 38]. 
Blocking satiety hormone release with the soma-
tostatin analogue, octreotide increased food 
intake in rats and patients with RYGB, but not in 
sham-operated rats [39] or patients post adjust-
able gastric banding (AGB) surgery [9].

After RYGB PYY-knockout mice had lower 
weight loss compared to wild-type mice [40]. 
Pretreatment with exogenous PYY-specific antise-
rum revealed the usual effect of reduction in food 
intake in rats after bypass-type procedures [9]. 
PYY may also delay gastric emptying and oro-
caecal transit time but is unlikely to increase energy 
expenditure [41]. GLP-1 shows similar responses 
to PYY post RYGB but has also been associated 
with increases in secretion of insulin, which is usu-
ally considered fat storing [42, 43]. Studies looking 
at blocking the GLP-1 receptor and CCK receptor 
have been inconsistent [15], calling into question 
the significance of their role as single peptides in 
sustained weight loss post RYGB.

Leptin is an adipokine hormone produced 
mainly in adipose tissue as well as gastric 
mucosa. Leptin is known to be an appetite sup-
pressant and affects energy expenditure and long- 
term weight loss. Obese patients have high leptin 
levels but also have leptin resistance. The leptin 
levels decrease post RYGB, but this correlates to 
weight loss. A study looking at leptin-deficient 
mice showed high rates of weight regain in the 
longer term [44].

Several areas in this field need further investi-
gation, including the role of bile acids on hor-
mone actions and how postprandial amylin 
secretion is triggered, as well as its effects on 
food intake and eating behaviour.

Neural
RYGB has been shown to influence neural 
responses [45], including a reduction in con-
sumption of calorie-dense foods [13, 46–48], 
and has probable effects on energy expenditure. 
Several potential neural mechanisms have been 
postulated.

2 Gastric Bypass: Mechanisms of Functioning



10

1. Vagus
Vagal afferent fibres in the gastric and proximal 
small bowel mucosa are sensitive to mechanical 
touch and can be activated by the volume of 
ingested food and degree of tension in the wall of 
the gastric pouch, which can in turn influence 
signals to the brain [49]. Sensory terminals 
known as intra-ganglionic laminar endings 
(IGLEs) may be activated in response to the 
stretch of the gastric wall, leading to reduced 
food intake [50]. During RYGB both the ventral 
and dorsal gastric branches are transected whilst 
fashioning the gastric pouch, which may play a 
role in satiation [51] and reduction in signalling 
of gut hormones such as ghrelin [52]. There is 
evidence that after RYGB, afferents in the vagal 
coeliac branches may become more sensitive to 
gut hormones [53]. This combined with the 
stretch-sensitive IGLEs in the pouch and Roux 
limb may explain the reduction in meal size, food 
preferences and reduced hunger.
2. Sympathetics
The sympathetic fibres in the distal stomach are 
also denervated during transection of the stom-
ach. Gastric bypass has been associated with sig-
nificantly reduced sympathetic contribution to 
resting energy expenditure and reduced resting 
sympathetic activity [54]. This may contribute to 
weight gain after gastric bypass surgery. 
Conversely, the coeliac plexus is associated with 
inhibition of peristalsis. Thus denervation should 
stimulate gut motility.
3. CNS centres for appetite regulation
Vagal afferents from the gut communicate cen-
trally with hypothalamic centres associated with 
satiety, appetite regulation and hunger. They are 
hypothalamic groups of neurons, which act in 
antagonism. The melanocortin system, where 
melanocyte-stimulating hormone acts via the 
melanocortin-4 receptors to affect body weight, 
reduces food intake and increases energy expen-
diture and insulin sensitivity (although the latter 
may be due to weight loss) [55]. The second 
group of neurons synthesizing neuropeptide Y, 
agouti-related protein and gamma-aminobutyric 
acid reduce EE and increase food intake by inhib-
iting proopiomelanocortin [56]. These both need 
further study with respect to RYGB.

 4. Other areas that require further investigation 
are changes within the enteric nervous system 
and the gastric electrical activity post RYGB.

Gut Microbiota
Gut flora is known to help modulate whole-body 
metabolism [57], including carbohydrate and 
energy metabolism, with fermentation of poly-
saccharides into short-chain fatty acids. Obese 
patients have altered gut flora, with increased 
Firmicutes and decreased Bacteroidetes species 
in animal [58] and human studies [59–61]. 
‘Obese microbiota’ have an increased ability to 
harvest energy from the diet [62], and Germ-free 
mice colonized with an ‘obese microbiota’ had 
significantly greater total body fat [62]. This 
could be evidence for a significant role of gut 
flora in the pathophysiology of obesity.

Studies have shown that post RYGB, there is 
altered composition of endogenous gut microbiota, 
which is likely due to alterations in the acidity of the 
alimentary and biliopancreatic limbs with decreased 
Firmicutes and increased Bacteroidetes [63] and 
Proteobacteria (Gammaproteobacteria), in particu-
lar Enterobacter hormaechei [64], as well as E coli. 
In one study, RYGB increased Escherichia species 
and Akkermansia species independent of weight 
alteration and caloric restriction. When this gut flora 
was transferred to germ-free mice, they decreased 
body fat and body weight [65]. This could be 
explained, at least in part, by the increase in micro-
bial production of short-chain fatty acids [65].

Weight loss in obese patients is associated 
with a low-grade inflammatory state [66]. The 
improvement of weight, inflammation and 
 metabolic status after surgery has been associ-
ated with increased bacterial variety.

Bile Acids
Total plasma bile acids are increased post RYGB 
[67] for 3–4 years post-surgery, which could play a 
role in intestinal hypertrophy, anorexigenic hor-
mone secretion and changes in gut flora and conse-
quently weight loss. The increased bile acids may 
also increase energy expenditure by signalling via 
the cAMP-dependent thyroid hormone triggering 
enzyme type 2 iodothyronine deiodinase [68].
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After RYGB bile flows down the BPL cells 
without mixing with food. These undiluted bile 
acids in the distal gut may stimulate the cell- 
membrane G protein-coupled receptors (TGR5 
receptors) on L cells [69], resulting in the 
changes in gut hormone response described 
above (e.g. increased GLP-1 and PYY). Bile 
acids also bind the farnesoid X receptor (FXR) 
in the jejunum, [70] which regulates lipid and 
glucose metabolism. FXR has been shown to 
regulate fibroblast growth factor 19 (FGF 19), 
which is released from the ileum, through the 
FGFR4 cell-surface receptor tyrosine kinase. 
FGF19 may contribute to the increased meta-
bolic rate (with a role in mitochondrial activity 
and protein synthesis) and decreased adiposity 
seen post RYGB [71].

 Food Preferences
Obese patients have a preference for energy- 
dense palatable food, a phenomenon termed 
‘hedonic hunger’ [75]. However, this craving for 
sweet and high-fat foods decreases post RYGB 
even a year after surgery, and patients increase 
their intake of fruit, vegetables, protein, and low- 
fat food [76, 77]. Patients appear to have a height-
ened ability to detect sweet foods [78] but lose 
the desire for them. Initially, it was thought that 
dumping syndrome leads to a Pavlovian response 
of avoiding calorific foods [79]. However, the 
previously described changes are seen in patients 
who do not experience dumping [76, 80], and 
patients with severe dumping report continuing 
to like the taste of sweet foods.

It is still unclear which of the three processes 
involved in gustation have a predominant role in 
food preference: stimulus identification (sensory 
signals from taste stimuli), ingestive motivation 
(hedonic, palatability and reward) and digestive 
preparation (physiological reflexes that aid diges-
tion and facilitate homeostasis) [81]. Alterations 
in taste sensitivity and palatability need further 
study. Studies using functional MRI (fMRI) have 
demonstrated reduced brain hedonic responses to 
high-calorie food (i.e. reduced activation of brain 
food-reward cognitive systems) post RYGB com-
pared to matched weight loss post adjustable gas-
tric banding [82], which may be mediated via gut 

hormones. There may also be an altered insulin/
pancreatico-biliary homeostatic response to taste 
stimulation by sweet and fatty foods.

The contribution of changes in food prefer-
ences to the RYGB effects on body weight is 
also not clear, with studies both describing no 
association [83] and others attributing decreased 
calorie intake and weight loss after RYGB to 
changes in food preferences [84]. Taken together 
the data reduction in preference for fatty foods 
may be a major contributor to reduced calorie 
intake in rodents and possibly in humans, again 
favouring conditioned avoidance as a mechanis-
tic explanation.

 Calorie Malabsorption
RYGB was originally intended to result in calorie 
malabsorption. However, the exclusion of the 
approximately 50 cm–150 cm of BPL (stomach, 
duodenum, proximal jejunum) after RYGB with 
an alimentary limb of 100–150 cm does not lead 
to calorie malabsorption, as the small bowel’s 
total surface area capable of digestion and absorp-
tion is enough to prevent this. Furthermore there 
is hypertrophy of the small bowel in the alimen-
tary limb and common channel, which are still in 
contact with nutrients [29–31]. RYGB may result 
in minor fat malabsorption by affecting pancre-
atic exocrine function – although this is unlikely 
to have any major impact on weight loss [72–74]. 
Most patients after RYGB report constipation, 
and as such significant calorie malabsorption is 
not possible.

 Energy Expenditure
Changes in energy expenditure are likely to also 
be a minor but potentially important factor in 
weight loss maintenance post RYGB. The ‘star-
vation response’ [85] of reducing energy expen-
diture (EE) usually occurs during food restriction. 
However, total 24-hour EE has been shown to 
increase post RYGB in rodent models [85]; 
although this has not been shown consistently in 
human studies (which may be due to heterogene-
ity compared to laboratory animals [15]). A pre-
vention of the expected decreased in EE could 
however contribute to the long-term maintenance 
of weight loss.
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The mechanisms underlying the increase in 
EE are poorly understood, but areas that have 
been studied include:

• Higher-diet-induced thermogenesis appears 
the most consistent finding in both rodents and 
humans [7, 77] which may relate to gut hyper-
trophy after RYGB.

• Increased levels of postprandial GLP-1 may 
not contribute significantly as neither stimula-
tion nor blockade has been shown to influence 
EE [15].

• Small bowel hypertrophy resulting in higher 
intestinal oxygen consumption and higher 
energy requirement [15].

• Increased metabolic rate of the small bowel, 
with increased carbohydrate consumption [73].

• Increased bile acid levels may also affect 
energy expenditure via the FXR receptor [15].

Reduced resting energy expenditure (REE) or 
basal metabolic rate post RYGB may predispose 
to weight regain [86], and it is important to increase 
REE by increasing physical activity and lean body 
mass (e.g. with increased protein intake).

 Comorbidity Improvement/
Resolution

As well as weight loss, RYGB results in 
obesity- related comorbidity improvement or 
resolution. Historically it was believed that 
most of the comorbidities that have been stud-
ied improve or resolve purely secondary to the 
surgery-induced weight loss. However, we now 
understand that complex metabolic mecha-
nisms exist independent to weight loss. Type 2 
diabetes mellitus (T2DM) and dyslipidaemia 
are two comorbidities that have been studied 
extensively after RYGB.

Comorbidities: Improvement/Resolution
• Type 2 diabetes mellitus
• Dyslipidaemia
• Hypertension
• Obstructive sleep apnoea
• Musculoskeletal pain and function

• Gastroesophageal reflux disease (GORD)
• Non-alcoholic fatty liver disease
• PCOS symptoms
• Improved fertility
• Urinary incontinence
• Possible oncological risk reduction
• Psychosocial functioning

 Possible Mechanisms of T2DM 
Resolution

In one RCT, comparing RYGB with BPD and 
medical therapy, 75% of patients undergoing 
RYGB developed partial remission of diabetes at 
2  years [87]. However, at 5  years 53% in the 
RYGB group went on to develop recurrent diabe-
tes, and none of the patients were in complete 
remission of diabetes as judged by the American 
Diabetes Association criteria. Approximately 
40% of obese patients with type 2 diabetes go 
into remission within days or weeks after RYGB 
[88], which suggests that the mechanisms under-
lying this are likely to be independent to weight 
loss.

Postulated mechanisms include:
• Gut hormones
• Bile acid kinetics
• Caloric restriction
• Weight loss

The main hormone that has been shown to con-
tribute to improved glycaemic control is GLP-1. It 
has been associated with increased insulin secre-
tion, increased insulin synthesis with beta cell 
proliferation [89] and improved beta cell function 
[90] (use of GLP-1 receptor antagonists results in 
relapse of impaired glucose tolerance), as well as 
inhibition of glucagon release [91]. A foregut and 
hindgut hypothesis has also been put forward 
[92]. The foregut hypothesis suggests that proxi-
mal jejunal and duodenal exclusion results in a 
signal that would otherwise lead to insulin resis-
tance being inhibited, whilst the hindgut hypoth-
esis suggests that accelerated delivery of 
concentrated nutrients to the distal intestine 
increases secretion of a signal that leads to 
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improved glucose control. Further experiments 
[93] supporting the foregut hypothesis showed 
that bypassing a short segment of proximal intes-
tine directly ameliorated type 2 diabetes, indepen-
dently of effects on food intake, body weight, 
malabsorption or nutrient delivery to the hindgut.

In obese patients adipokines secreted from adi-
pose tissue are known to induce a low-grade 
inflammatory state associated with insulin resis-
tance; RYGB may induce some reduction in sys-
temic inflammation, with evidence of reduced CRP 
levels post RYGB, potenitally improving whole-
body insulin sensitivity [94]. Leptin may also play 
a role. When nutrients enter the jejunum, they are 
sensed by receptors that release leptin, which has 
been shown to reduce glucose levels [95].

Earlier we discussed the role of bile acids in 
stimulating GLP-1 secretion, which is one mech-
anism by which they exert an effect on glucose 
homeostasis and satiety. Bile acids may also 
directly affect insulin resistance by increasing 
energy expenditure in BAT (brown adipose tis-
sue) via cAMP-dependent thyroid hormone- 
activating enzyme type 2 iodothyronine 
deiodinase and TGR5 [68]. Bile acids may also 
inhibit hepatic gluconeogenesis via FGF19 [96].

Caloric restriction results in reduced liver fat 
and improved hepatic insulin sensitivity [90], 
whilst weight loss leads to improved peripheral 
insulin sensitivity. The biliopancreatic limb post 
RYGB is usually around 50 cm. However, opera-
tions such as biliopancreatic diversion have a much 
longer BPL and greater reduction in insulin resis-
tance, suggesting that the length of the BPL could 
be another influencing factor [97]. The melanocor-
tin system may also be involved, as one population 
of MC4 receptors has been shown to mediate insu-
lin sensitivity [55]. Clearly, there is an interplay of 
several mechanisms that lead to improved glucose 
control and T2DM resolution post RYGB.

 Possible Mechanisms 
of Dyslipidaemia Resolution

Several studies post RYGB have shown reduc-
tion in total cholesterol, triglycerides, low-den-
sity lipoprotein cholesterol, very-low-density 

lipoprotein cholesterol and use/need for lipid- 
lowering medications, as well as increased 
high-density lipoprotein cholesterol (HDL-C) 
[98]. The effects on lipid profile are much 
greater post RYGB than other bariatric inter-
ventions [1, 99].

Mechanisms underlying this may include:

• Changes in food preferences (less fat intake)
• Reduction in cholesterol absorption
• Bile acids
• Reduction in hyperinsulinaemia

Higher turnover and plasma levels of bile 
salts, in particular cholic acid within bile, have 
been shown to reduce VLDL secretion and 
hepatic triglyceride accumulation [100]. This 
could be mediated via reduced expression of 
microsomal transfer protein, an essential 
enzyme for hepatic VLDL secretion [101]. 
Cholic acid’s effect on reducing triglycerides 
may be mediated by reduced hepatic expression 
of SREBP-1c, which is involved in the fatty 
acid synthesis  pathway [100]. Additionally, 
insulin is known to be fat storing and stimulate 
fatty acid synthesis in adipose tissue and the 
liver, as well as lead to the storage of triglycer-
ides in adipose tissue and the liver. Reduction 
in hyperinsulinaemia may also play a role. The 
increase in circulating HDL-C has been attrib-
uted to fast gastric emptying with passage of 
nutrients directly into the jejunum stimulating 
ApoA4 secretion, which stabilizes HDL-C and 
induces increased plasma concentrations [102]. 
It would also be interesting to study whether 
length of the alimentary limb affects choles-
terol absorption, as well as the enzymes 
involved in lipid metabolism.

 The Complications

Complication rates after RYGB have decreased 
significantly with improved and more standard-
ized techniques and improved training to 
increase surgeon experience quickly. 4% of 
patients have early complications including 
bleeding, perforation or leakage requiring return 
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to theatre [99]. 15–20% have late complications 
including small bowel obstruction, abdominal 
pain or marginal ulceration requiring either sur-
gical or endoscopic intervention [103]. The 
mechanistic aspects of these complications are 
discussed below.

 Vitamin Deficiencies

• Vitamin B12
• Iron
• Folate
• Calcium and vitamin D

 Vitamin B12 Deficiency
Up to 70% of patients have vitamin B12 defi-
ciency post RYGB [104, 105]. The mechanisms 
underlying this may include:

• Achlorhydria reduces absorption of vitamin 
B12

• Reduced intake of meat
• Reduced production of intrinsic factor after 

surgery [106]

 Iron Deficiency
Up to 49% of patients have iron deficiency post 
RYGB [107]. The mechanisms underlying this 
may include:

• Reduced iron absorption in the pouch second-
ary to less acid production [108]

• Reduced intake of red meat and iron rich 
foods

 Folic Acid Deficiency
Up to 35% of patients have vitamin B12 defi-
ciency post RYGB. The mechanisms underlying 
this may include:

• Folate absorption takes place in the proximal 
third of the small bowel, which is ‘bypassed’.

• Vitamin B12 acts as a coenzyme and is often 
deficient.

• Less folate may be consumed.
• Acid is required for its absorption and is 

reduced.

 Hypocalcaemia and Vitamin D 
Deficiency
Up to 10% of patients have calcium and 50% 
vitamin D deficiencies post RYGB [109]. The 
mechanisms underlying this may include:

• Calcium is predominantly absorbed in the 
proximal small bowel which is bypassed.

• Calcium can be lost from the bone, with higher 
bone turnover and reduced bone mass post 
RYGB [110, 111].

• Patients may become intolerant to foods rich 
in calcium, e.g. milk.

 Hair Loss

Most patients have varying degrees of hair loss. 
Aetiological mechanisms include:

• Nutritional deficiencies (vitamin B, iron, cal-
cium, zinc, etc.)

• Response to weight loss

 Dental Problems

Dental problems can be due to:

• Vitamin deficiencies
• Malabsorption
• Reflux or vomiting post-surgery
• Salivary pH levels after surgery

 Unexplained Abdominal Pain

Up to 95% of patients have some form of mild 
abdominal pain post RYGB [112–115], and up 
to 10% have chronic unexplained abdominal 
pain [112, 116]. This may be due to pain from 
internal hernias that spontaneously reduce, and 
jejuno- jejunal anastomosis may also contribute 
to chronic pain. Often patients undergo lapa-
roscopy for diagnosis and treatment, as imag-
ing often fails to elucidate the correct 
pathology. Pain accompanied by nausea and 
vomiting is usually pathological and may indi-
cate obstruction, volvulus and/or ischaemia of 
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herniated bowel and requires immediate atten-
tion [112, 117].

 Change in Bowel Habits

Up to 46% of patients may have loose stool, diar-
rhoea or increased flatus post RYGB [118]. This 
may be secondary to bypassing a length of the 
small bowel, nutrient deficiencies and change in 
food intake. Patients may also have steatorrhoea 
post RYGB if they consume excessive fats. Many 
patients however have chronic constipation after 
RYGB which also needs active management.

 (Early) Dumping Syndrome

Early dumping occurs 10–30 minutes after eating 
and is an outcome of rapid emptying of food into 
the jejunum due to the lack of a pylorus presum-
ably causing neural activation in the proximal 
alimentary limb [119]. The food entering the 
jejunum is more undigested than usual and hyper-
osmolar, resulting in compensatory fluid shifts. 
Symptoms include bloating, sweating, nausea, 
abdominal pain, facial flushing, palpitations, diz-
ziness and diarrhoea. Management involves 
dietary modification (patients should be advised 
to eat little and often, meals low in carbohydrate 
and fat, avoiding simple sugars and drinking flu-
ids between meals and not with their food).

 Postprandial Hypoglycaemia  
(Late Dumping)

Late dumping, or ‘postprandial hypoglycaemia’, 
happens 1–3 hours after ingesting a meal, even in 
patients without a previous history of diabetes, 
and is a result of the exaggerated insulin response 
to carbohydrates in the meal [120, 121]. Symptoms 
can include palpitations, sweating, confusion, 
fatigue, aggression, tremors and fainting. The pro-
posed mechanisms involve increase β-cell mass, 
improve β-cell function and non-β- cell mecha-
nisms, which may include a lack of ghrelin (a 
counter-regulatory measure to hypoglycaemia) 

[122, 123]. In addition the sustained weight loss 
can reduce insulin resistance which renders the 
previous insulin responses needed presurgery to 
suddenly become excessive. The aetiology of 
hypoglycaemia is likely to be different for indi-
vidual patients and is also probably a mixture of 
the anatomic, hormonal and metabolic changes 
after RYGB [124]. Although treatment of this 
complication can be difficult, pancreatectomies 
are no longer advised [125], but rather a multi-
modal medical approach is favoured which aims 
to reduce insulin secretion from the pancreas or 
increasing insulin resistance at tissue level [126].

 Loss of Bone Density

Loss of bone density [127] at central and periph-
eral sites continues 24 months post RYGB despite 
stabilization of weight loss. Mechanisms under-
lying this may include:

• Reduced mechanical load related to weight 
loss.

• Hyperparathyroidism secondary to:
 – Reduced calcium intake
 – Malabsorption of calcium and vitamin D

• Humoral factors from adipose tissue (oestra-
diol, leptin, adiponectin), the pancreas (e.g. 
insulin, amylin) or the gut (ghrelin, glucagon- 
like peptide-2, glucose-dependent insulinotro-
pic peptide) may also play a role [128].

 Kidney Stones

Calcium oxalate stones and oxalate nephropathy 
have been described post RYGB [129], and caus-
ative mechanisms include hyperoxaluria, low 
urine volume and hypocitraturia [130], with the 
latter two factors increasing calcium oxalate 
supersaturation.

 Gallstones

Rapid weight loss and consequent changes in 
the composition of bile have been shown to 
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increase gallstone formation [131]. In one study 
within 6  months post RYGB, gallstones had 
developed in 36% of patients and gallbladder 
sludge in 13% of patients [132]. A daily dose of 
600  mg ursodeoxycholic acid for approxi-
mately 6 months has been shown to be effective 
prophylaxis against gallstone formation after 
RYGB [133] and is often prescribed in the post-
operative phase. Some surgeons will undertake 
elective cholecystectomy at the time of RYGB 
if the patient has symptomatic gallstones, and 
although this has been shown to be safe and 
feasible without altering port placement, it has 
also been shown to significantly increase opera-
tive time and hospital stay [134]. Therefore, 
concomitant cholecystectomy and RYGB are 
not routinely performed for asymptomatic gall-
stones. Pancreatitis also appears to be increased 
after gastric bypass surgery and may be related 
to the increase in gallstone [135].

 Gastric Remnant Distension

This is a rare complication of gastric bypass that 
can lead to perforation, peritonitis and subse-
quent death. Aetiological factors include:

• Distal obstruction
 – Mechanical
 – Paralytic ileus

• Injury to vagal fibres on the lesser curve of the 
stomach reducing gastric emptying

Management includes decompression with naso-
gastric tube on free drainage, percutaneous gas-
trostomy or surgical decompression if the above 
two methods have failed.

 Stomal Stenosis

Patients with anastomotic stenosis may present 
with dysphagia, vomiting or reflux. The mainstay 
of treatment is endoscopic balloon dilatation, 
which may need to be repeated [136]. Revisional 

surgery is only used in patients who have failed 
endoscopic management.

 Marginal Ulcers

Marginal ulcers occur in the gastric pouch and 
have several risk factors and associations:

Causes of marginal ulcers include:

• Poor tissue perfusion
 – Tissue tension or ischaemia at the 

anastomosis
 – Smoking

• Excess acid in the gastric pouch
 – Gastrogastric fistulas

• Nonsteroidal anti-inflammatories
• Helicobacter pylori infection [137]

The mainstay of management is acid suppres-
sion and treating the cause (e.g. stop smoking, 
stop NSAIDS, treat H. pylori, surgically manage 
gastrogastric fistula). Occasionally, surgical revi-
sion of the gastrojejunostomy and truncal vagot-
omy is required. Routine proton-pump therapy 
post RYGB to prevent this complication has been 
advocated [138].

 Conclusion

The initial suggestion that it was based solely on 
mechanical restriction and calorie malabsorption 
is now obsolete. A complex symbiosis of gut hor-
mones, bile acids, neural mechanisms, gut micro-
biota, food preferences and changes in energy 
expenditure is required to achieve the positive 
outcomes observed post gastric bypass. All oper-
ations have complications, and in the case of the 
Roux-en-Y gastric bypass, much work has been 
done to pre-empt these and manage them appro-
priately. As we learn more about the mechanisms 
of functioning of the Roux-en-Y gastric bypass, 
we realize that there is still so much more to 
learn. We must continue to study this fascinating 
operation to continue the journey of discovery.
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Morbid Obesity

Minna Ferrari Schleu and Karyne Freitas Barbosa

Obesity is a chronic disease with an increasing 
prevalence all over the world. Associated with the 
growth of global mortality and high risk of devel-
opment of several systemic diseases, it has been 
noticed as a public health problem [1–3]. The 
number of obese patients in the world rose from 
921 million in 1980 to 2.1 billion in 2013, with a 
prevalence of overweight over 50% in adults in 
certain areas of the globe [4]. Morbid obesity is 
defined as a BMI (body mass index) above 40 kg/
m2 [5]. It is known that the higher the BMI, the 
greater the associated risk [5] [6]. The prevalence 
of BMI above 40 increased in 70% between 2000 
and 2010 [7]. This is a population that deserves 
special attention and care, and treatment should 
be stipulated for weight loss and control of asso-
ciated comorbidities [8].

 Morbidly Obese Patient Assessment

The patient with morbid obesity should be care-
fully evaluated to look for etiology, taking into 
account the genetic influences and environmen-
tal factors. Modern life habits play a fundamen-
tal role in this context, where we experience a 
decrease in physical activity levels and an 

increase in caloric intake [9]. In a morbidly 
obese patient, besides the evaluation of his life-
style habits, it is important to evaluate the 
genetic influence, usually polygenic [10, 11]. 
The family history of obesity provides impor-
tant information, as well as the time of the 
beginning of weight gain. The risk of obesity 
increases from 9% when only one parent is 
obese to 50% when both parents are. The earlier 
the onset of weight gain – childhood and adoles-
cence  – the greater the genetic influence on 
pathology [12].

Investigation for medications that lead to 
weight gain should be performed, the main ones 
being glucocorticoids, tricyclic antidepressants, 
antiepileptic, and antipsychotics [8].

The hormonal disorder most associated with 
morbid obesity is hypercortisolism. Signs and 
symptoms should be evaluated during medical 
history and physical examination, looking for 
buffalo hump, facial rounding and plethora, gross 
obesity of the trunk with wasting of the limbs, 
hirsutism, frontal balding, muscle weakness, 
spontaneous bruising, and acne. Hypercortisolism 
should be ruled out, even in patients without the 
classic findings of the syndrome. Thyroid evalua-
tion should be performed knowing that hypothy-
roidism may contribute to obesity but never 
represents the only etiology for morbid obesity.

In morbid obesity, the genetic syndromes 
associated with overweight are more prevalent 
when compared to other degrees of obesity. 
Therefore they should always be evaluated [13].
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The two major genetic syndromes associated 
with obesity are Prader-Willi syndrome and 
Bardet-Biedl syndrome, both monogenic. The 
predominant autosomal Prader-Willi syndrome 
has a prevalence of 1:25,000 live births and is 
characterized by hypogonadotropic hypogonad-
ism, mental retardation, and binge eating, with 
onset of obesity in childhood and often associ-
ated with diabetes mellitus, dyslipidemia, and 
atheromatosis. Additional findings are childhood 
hypotonia, short stature, and behavioral abnor-
malities [14]. Bardet-Biedl syndrome, autosomal 
recessive, is characterized by early obesity, in the 
first years of life, pigmented retinopathy, poly-
dactyl, mental retardation, male hypogonadism, 
and renal changes [15].

The major monogenic mutations are in the 
leptin gene, leptin receptor, proopiomelano-
cortin (POMC), and melanocortin (MC4R) 
receptor gene.

Mutation at the melanocortin receptor is the 
main cause of monogenic obesity, being preva-
lent in 1–6% of obese individuals, with a higher 
prevalence in the morbidly obese. These patients 
also present an increase in lean mass, bone min-
eral density, accelerated growth, and hyperinsu-
linemia [16]. Proopiomelanocortin deficiency 
(POMC) is characterized by hyperplasia with 
severe obesity onset in childhood, adrenal insuf-
ficiency with low levels of ACTH, cutaneous 
hypopigmentation, and reddish hair [17]. Leptin 
gene and receptor mutations manifest as hypogo-
nadotropic hypogonadism, hyperphagia, and 
severe childhood obesity and represent 1–3% of 
cases of morbid obesity in obese individuals from 
consanguineous families [18, 19].

 Associated Complications

The relative risk of death associated with over-
weight begins to increase with a BMI between 25 
and 29  kg/m2. Individuals with morbid obesity 
present a relative risk of death of two when com-
pared to individuals of normal weight [20]. As 
with mortality, the risk of complications is also 
related to BMI. Morbidly obese patients have the 
highest risk rates among obese patients [20, 21].

Individuals with morbid obesity and BMI 
above 40  kg/m2 have a 64% increased risk of 
developing DM 2, a 54% increased risk of 
hypertension, an additional 17% risk of devel-
oping asthma, a 34% increased risk of arthritis, 
and a 9% increased risk for hypercholesterol-
emia when compared to normal eutrophic 
adults [22].

The risk of arterial systemic hypertension 
becomes greater as the BMI increases, even after 
adjusting for other factors such as age and smok-
ing. According to the Framingham Offspring 
Cohort, there is a linear positive correlation 
between BMI and LDL and triglyceride values   
and a negative correlation between BMI and 
HDL in nonsmokers [23].

Complications involving the liver may be 
present, ranging from elevated liver enzymes to 
cirrhosis, hepatic failure, and hepatocellular car-
cinoma. The prevalence of nonalcoholic fatty 
liver disease is even higher in morbidly obese 
individuals. Studies in this subgroup reveal rates 
that exceed 90% at the time of submission to bar-
iatric surgery. And 5% of these patients may have 
undiagnosed cirrhosis [24, 25].

The risk of gallstones shows a positive corre-
lation with BMI, which is more pronounced 
when it is above 30 kg/m2 [26, 27]. Notably, in 
the morbid population, this risk is more pro-
nounced, reaching seven times higher in women 
with BMI above 45 when compared to women 
with BMI <24 [27].

Male infertility is associated with obesity, 
especially among the morbidly obese [28]. 
Contributing factors are the reduction of testos-
terone levels due to its greater aromatization in 
estrogen in adipose tissue and the increase in 
SHBG levels [29–32]. Associated with hor-
monal disturbances, the increased testicle tem-
perature due to the greater proximity of the 
surrounding tissues contributes to a higher rate 
of semen changes [28]. Similarly, female infer-
tility is associated to BMI, being more frequent 
the higher the BMI, therefore more frequent in 
morbidly obese women. Chronic anovulation 
presents as the main cause [28].

The risk of depression and anxiety correlates 
positively with BMI and is more frequent in 
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 morbidly obese individuals when compared to 
other degrees of obesity [33, 34].

Obesity and overweight are associated with a 
higher incidence, morbidity, and mortality of sev-
eral types of cancer. About 20% of cancers are 
associated with overweight. The higher the BMI, 
the greater the risk of cancers of the endome-
trium, breast, colorectal, kidneys, esophagus, and 
stomach [35–38].

The prevalence of respiratory function impair-
ment in morbidly obese individuals is striking, 
even when compared with obese patients but with 
a lower BMI. Obstructive sleep apnea has a preva-
lence of 55–100% of morbidly obese subjects 
undergoing bariatric surgery [39, 40]. Higher 
mechanical pressure on the chest cavity, with con-
sequent diaphragm compression, leads to a 
decrease in total lung capacity, expiratory reserve 
volume, and functional residual capacity, and thus 
from forced expiratory volume in the first second 
(FEV1) [41–44]. Studies have shown an inverse 
relationship between BMI and FEV1, the latter 
being an independent risk factor for cardiovascu-
lar diseases and stroke, as well as an independent 
predictor of death from all causes [44, 45].

 Treatment of Severely Obese 
Patients

The cornerstone for treatment of obese patients is 
a multicomponent lifestyle intervention, and the 
same strategies are used to treat the morbid ones. 
It is based on behavioral changes with adherence 
to physical activity and a healthy diet. 
Pharmacological treatment and surgical treat-
ment are reserved for those patients who do not 
respond to this approach. Some guidelines have 
been published to guide physicians [46–50].

The Look AHEAD trial brought us some evi-
dence of efficacy of lifestyle intervention in 
severely obese individuals. In this trial, the most 
severely obese lost more weight than patients 
who were less obese. After 1 year, the severely 
obese lost 9.04% of initial body weight, while the 
overweight lost 7.43%. They also had compara-
ble improvements in fitness, lipid levels, blood 
pressure, fasting glucose, and HbA1c [51, 52].

The great challenge is to bring these results to 
real life.

Very low-calorie diets (200–800  kcal/day) 
have been used occasionally in some centers, in 
severely obese patients, when rapid weight loss is 
necessary. Usually patients are maintained for up 
to 26  weeks on a high-quality protein diet in 
combination with electrolytes, vitamins, and 
trace elements. These can produce weight loss of 
around 2  kg/week (more in the first week as 
glycogen- bound fluid is lost). After 1 year, how-
ever, the weight change is not much different 
from other approaches [53].

US Food and Drug Administration (FDA) 
approved pharmacotherapy can be considered as 
an adjunct to lifestyle intervention in individuals 
with a BMI ≥ 30 or ≥ 27 kg/m2 with at least one 
obesity-associated comorbidity. The AHA/ACC/
TOS recommend an initial weight loss target of 
5–10% of baseline weight within 6  months. 
These recommendations are based on that, even 
small changes in body weight, result in better 
control of associated morbidities and long-term 
health benefits [47].

Phentermine is a sympathomimetic amine 
anorectic approved, as monotherapy, for short- 
term treatment only in the USA. Topiramate is an 
antiepileptic drug associated with weight loss. 
Since both drugs, when used in monotherapy, can 
cause troublesome adverse events, they are now 
approved in a lower dose association for obesity 
management to minimize these side effects. Two 
studies, EQUIP and CONQUEST, and an exten-
sion study (SEQUEL) showed that the associa-
tion of PHEN/TPM was effective in reducing 
body weight compared with placebo. An analysis 
of weight loss according to baseline BMI cate-
gory was performed. PHEN/TPM was effective 
in all BMI categories. However, there was a sig-
nificant treatment effect by baseline BMI cate-
gory. The 15/92  mg group dose showed 
significantly greater percentage weight loss in the 
most severely obese subjects (baseline BMI 40 
and 45) compared with 7.5/46 mg [54–56].

Lorcaserin, a 5-hydroxytriptamine (serotonin; 
5-HT)2C receptor agonist, is also approved for 
weight management in the USA. It is used 10 mg 
twice daily and is effective compared with placebo 
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after 1 and 2 years of treatment. In the BLOSSOM 
study, lorcaserin was associated with a decrease in 
the concomitant use of medications to treat dys-
lipidemia and hypertension and improved glyce-
mic control. It is especially useful in those patients 
with cardiac arrhythmias or hypertension, as it is 
not associated with increases in blood pressure or 
pulse. Differences in weight loss as a function of 
baseline BMI have not been reported. Significant 
weight loss occurred in men and women across all 
BMI subgroups [57–59, 61, 62].

Naltrexone-bupropion is a sustained-release 
combination of an opioid receptor antagonist and 
a catecholamine reuptake inhibitor. It was 
approved by FDA and EMA for weight loss in 
people with overweight or obesity. Naltrexone 
and bupropion synergistically stimulate central 
melanocortin pathways and antagonize inhibi-
tory feedback loops that limit weight reduction 
leading to improved energy expenditure and 
reduced appetite. A group of clinical trials also 
included morbidly obese subjects, but there are 
no reports of differences in weight loss across 
BMI subgroups [57, 60–62].

Orlistat is a reversible gastric and pancreatic 
lipase inhibitor that reduces fat absorption by 
∼30% when used 120 mg three times daily. In 
the XENDOS clinical trial, it produced signifi-
cantly greater weight loss compared with pla-
cebo after 4  years. Orlistat therapy was 
accompanied by a ∼50% risk reduction in pro-
gression to type 2 diabetes in those with impaired 
glucose tolerance. It was also associated with 
improvement of lipid profile, waist circumfer-
ence, and blood pressure [63].

In terms of weight loss, it is less potent than 
other drugs approved for obesity treatment, with 
less impact in the management of the morbid 
patient, whose greater weight loss is desirable. 
The use of this drug, however, must be encour-
aged in those patients who cannot tolerate other 
drugs or in those that association of drugs is 
imperative to potentiate weight loss or to obtain 
metabolic benefits. There is no report of differ-
ences of weight loss across all BMI [57].

Liraglutide is a glucagon-like peptide-1 ana-
logue that has recently been approved for the 
treatment of obesity at one daily dose of 3.0 mg, 

injected subcutaneously. Weight loss is mediated 
by appetite suppression and reduced energy 
intake. At the end of the SCALE trial, patients in 
the liraglutide group had lost an average of 
8.4 ± 7.3 kg of body weight vs 2.8 ± 6.5 kg in the 
placebo group. The prevalence of prediabetes and 
development of type 2 diabetes were lower in the 
liraglutide group. Blood pressure and lipid levels 
also decreased. The most frequent adverse events 
were nausea and diarrhea. Titration of the dose is 
imperative to minimize these side effects.

Although it is a drug with a good safety pro-
file, liraglutide seems to be less effective in 
patients with a mean BMI of 40 or higher than in 
patients with a lower BMI.

The FDA recommends that the drug should be 
discontinued after a 16-week period if 4% loss of 
baseline weight is not attained. The EMA recom-
mends its discontinuation if 5% of weight loss is 
not reached after 12 weeks [61, 64].

The intragastric balloon became an interest-
ing therapeutic option as it may confer a satisfac-
tory weight loss in high-risk patients to improve 
the comorbidities and make a possible surgical 
procedure with a lower risk. Even in patients that 
are not submitted to surgery, studies show some 
weight loss in long-term follow-up. A study of 
500 patients with BMI average 43 kg/m2 showed 
loss average of 23.9  kg using a balloon filled 
with saline and methylene blue for 6  months. 
After 5 years, 41% of patients were reassessed 
and were still less obese, about 7 kg on average. 
A meta-analysis found 11.3% (8.2–14.4%) of 
total weight loss at 12  months after balloon 
placement [65].

AspireAssist is a percutaneous device of 
endoscopic gastrostomy designed to aspirate gas-
tric contents. The device is implanted in a fashion 
similar to a conventional PEG tube. 
Approximately 20  min after meals, water is 
infused into the stomach, and gastric contents are 
drained. The device was recently approved by the 
FDA. The PATHWAY trial randomized subjects 
to AspireAssist with lifestyle counseling, or life-
style counseling alone. The BMI of the 
AspireAssist group was 42.0 ± 5.1 kg/m2, and the 
lifestyle counseling group had BMI of 
40.9  ±  3.9  kg/m2. At 52  weeks, an analysis 
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showed 37.2%  ±  27.5% weight loss in the 
AspireAssist group vs 13.0% ± 17.6% in the life-
style counseling group. The most frequently 
reported adverse events were perioperative 
abdominal pain and postoperative granulation 
tissue and peristomal irritation. Additional stud-
ies for long-term outcomes are necessary [66].

Bariatric surgery is the most efficacious strat-
egy and should be encouraged in those individu-
als in which the combination of pharmacological 
and non-pharmacological treatment was not 
effective. The percentage of weight loss will 
vary depending on the type of procedure per-
formed. When comparing with the nonsurgical 
methods, bariatric surgery is associated with 
greater weight loss, higher percentage of 
improvement or remission of comorbidities, and 
improvement of quality of life. This option will 
be discussed in other chapters.
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Obesity and Related Diseases

Mariana Freitas Ferreira Lopes

Obesity is a significant risk factor for and con-
tributor to increased morbidity and mortality, 
most importantly from cardiovascular disease 
(CVD) and diabetes but also from cancer and 
chronic diseases, including osteoarthritis, liver 
and kidney disease, sleep apnea, and depression. 
The prevalence of obesity has increased steadily 
over the past five decades, and obesity may have 
a significant impact on quality-adjusted life 
years. Obesity is also strongly associated with 
an increased risk of all-cause mortality as well 
as cardiovascular and cancer mortality. Despite 
the substantial effects of obesity, weight loss can 
result in a significant reduction in risk for the 
majority of these comorbid conditions [1, 2].

This chapter will review significant associa-
tions of obesity with comorbidities and some of 
the potential mechanisms involved.

 Obesity and Comorbidity

 Diabetes

The condition most strongly influenced by body 
weight is type 2 diabetes. In the Nurses’ Health 
Study, which followed 114.281 middle-age 
women for 14 years, the risk of developing dia-
betes was 93 times higher among women who 

had a body mass index (BMI) of 35 or higher 
at the start of the study, compared with women 
with BMIs lower than 22 [3]. Weight gain dur-
ing adulthood also increased diabetes risk, even 
among women with BMIs in the healthy range. 
The Health Professionals Follow-Up Study found 
a similar association in men [4].

More recently, investigators conducted a sys-
tematic review of 89 studies on weight-related 
diseases and then did a statistical summary, or 
meta-analysis, of the data. Of the 18 weight- 
related diseases they studied, diabetes was at 
the top of the risk list: Compared with men and 
women in the normal weight range (BMI lower 
than 25), men with BMIs of 30 or higher had a 
7-fold higher risk of developing type 2 diabe-
tes, and women with BMIs of 30 or higher had a 
12-fold higher risk [5].

Fat cells, especially those stored around the 
waist, secrete hormones and other substances that 
fire inflammation. Plasma leptin, interleukin-6 
(IL-6), tumor necrosis factor-α (TNF-α), and 
non-esterified fatty acid levels are all elevated in 
obesity.

Recent studies have identified “links” between 
obesity and type 2 diabetes involving proinflam-
matory cytokines (TNF-α, IL-6), deranged fatty 
acid metabolism, and cellular processes such 
as mitochondrial dysfunction and endoplasmic 
reticulum stress. Although inflammation is an 
essential component of the immune system and 
part of the healing process, inappropriate inflam-
mation causes a variety of health problems [6]. 
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Two mechanisms might be involved in the patho-
genesis of inflammation. Firstly, glucose and 
macronutrient intake causes oxidative stress and 
inflammatory changes. Chronic obesity might 
thus be a proinflammatory state with oxidative 
stress. Secondly, the increased concentrations 
of TNF-α and IL-6, associated with obesity and 
type 2 diabetes, might interfere with insulin 
action by suppressing insulin signal transduction. 
This might interfere with the anti-inflammatory 
effect of insulin [7].

Therefore distinct mechanisms have been pro-
posed to link obesity to insulin resistance and 
predispose to type 2 diabetes:

 1. Increased production of adipokines/cytokines, 
including tumor necrosis factor-α, interleu-
kin- 6 (IL-6), resistin, and retinol-binding pro-
tein 4, that contribute to insulin resistance as 
well as reduced levels of adiponectin [8]

 2. Ectopic fat deposition, particularly in the liver 
and perhaps also in skeletal muscle, and the 
dysmetabolic sequelae [8]

 3. Mitochondrial dysfunction, evident by 
decreased mitochondrial mass and/or func-
tion. Mitochondrial dysfunction could be one 
of many important underlying defects linking 
obesity to diabetes, both by decreasing insulin 
sensitivity and by compromising β-cell func-
tion [7, 8]

Several large trials have shown that moderate 
weight loss can prevent or delay the start of dia-
betes in people who are at high risk [9–11].

 Cardiovascular Disease (CVD)

Body weight is directly associated with various 
cardiovascular risk factors. As BMI increases, 
so do blood pressure, low-density lipoprotein 
(LDL) cholesterol, triglycerides, blood sugar, 
and inflammation. These changes translate into 
increased risk for coronary heart disease, stroke, 
and cardiovascular death:

• Coronary Artery Disease. Numerous studies 
have demonstrated a direct association 

between excess body weight and coronary 
artery disease (CAD). The BMI-CAD 
Collaboration Investigators conducted a meta- 
analysis of 21 long-term studies that followed 
more than 300,000 participants for an average 
of 16 years. Study participants who were over-
weight had a 32% higher risk of developing 
CAD, compared with participants who were at 
a normal weight; those who were obese had an 
81% higher risk [12]. Although adjustment for 
blood pressure and cholesterol levels slightly 
lowered the risk estimates, they remained 
highly significant for obesity. The investiga-
tors estimated that the effect of excess weight 
on blood pressure and blood cholesterol 
accounts for only about half of the obesity- 
related increased risk of coronary heart dis-
ease. The higher incidence of CAD events in 
obese patients seems to be related to endothe-
lial dysfunction and subclinical inflammation 
in addition to the worsening of CVD risk 
factors.

Excess abdominal visceral adipose tissue, 
irrespective of the BMI, has been associated 
with a constellation of atherogenic abnormali-
ties such as insulin resistance, increased tri-
glycerides and apolipoprotein B levels, low 
high-density lipoprotein cholesterol, and an 
increased proportion of small dense low- 
density lipoprotein (LDL) and high-density 
lipoprotein (HDL) particles, the latter lipid 
abnormalities being generally described as the 
atherogenic dyslipidemia. Imaging cardiomet-
abolic studies recently conducted in large 
cohort studies (Framingham Heart Study and 
the Jackson Heart Study) have shown that 
excess visceral adiposity accompanied by 
excess ectopic fat deposition such as excess 
heart, liver, and intrathoracic fat was signifi-
cantly associated with cardiac and metabolic 
abnormalities.

Obesity also induces a variety of structural 
adaptations/alterations in cardiovascular (CV) 
structure/function [13]. Chronic excessive 
accumulation of body fat causes adaptations 
of the CV system aiming at maintaining 
whole-body homeostasis. Increased cardiac 
output and a decrease in peripheral resistance 
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are of importance in this adaptive state. Over 
the long term, such an increase in cardiac bur-
den induces ventricular remodeling with 
enlargement of the cardiac cavities and 
increased wall tension which may eventually 
lead to left ventricular (LV) hypertrophy 
(LVH). In the heart itself, many additional 
alterations are observed along with increased 
adiposity. In healthy individuals, epicardial fat 
depot is distributed on the heart surface, close 
to the coronary arteries. With obesity, outside 
of the intracellular accumulation of fat, a 
higher amount of extracellular fat deposition 
builds up in the epicardium. The proximity of 
epicardial fat and coronary arteries might be 
associated with the atherosclerosis burden 
[14, 15]. Also, epicardial fat deposition is cor-
related with the amount of visceral fat which 
seems to produce potential proinflammatory 
adipokines/cytokines and macrophage signals 
that may be involved in the development of 
coronary artery disease. For instance, in vis-
ceral obesity, epicardial fat could influence 
blood vessels by its action as a paracrine organ 
while secreting locally pro-atherosclerotic 
molecules (such as interleukin or IL-1β, IL-6, 
or tumor necrotic factor-α) and less adiponec-
tin compared to subcutaneous fat. Fat infiltra-
tion within the heart may cause direct damage 
that may lead to heart failure [16, 17].

Indeed, among the 5881 participants fol-
lowed for 14 years in the Framingham Heart 
Study, 496 subjects developed CAD.  Obese 
subjects were two times more at risk of devel-
oping CAD than normal weight individuals. 
An increased risk of 5% for men and 7% for 
women for every unit increase in BMI was 
observed after adjustment for established risk 
factors 42 suggesting a direct link between 
excess body fat and cardiac dysfunction.

• Stroke. Ischemic (clot-caused) stroke and cor-
onary artery disease share many of the same 
disease processes and risk factors. A meta- 
analysis of 25 prospective cohort studies with 
2.3 million participants demonstrated a direct, 
graded association between excess weight and 
stroke risk. Overweight increased the risk of 
ischemic stroke by 22%, and obesity increased 

it by 64%. There was no significant relation-
ship between overweight or obesity and hem-
orrhagic (bleeding-caused) stroke, however 
[18]. A repeat analysis that statistically 
accounted for blood pressure, cholesterol, and 
diabetes weakened the associations, suggest-
ing that these factors mediate the effect of 
obesity on stroke.

• Cardiovascular Death. In a meta-analysis of 
26 observational studies that included 390,000 
men and women, several racial and ethnic 
groups, and samples from the United States 
and other countries, obesity was significantly 
associated with death from CAD and cardio-
vascular disease. Women with BMIs of 30 or 
higher had a 62% greater risk of dying early 
from CAD and also had a 53% higher risk of 
dying early from any type of cardiovascular 
disease, compared with women who had 
BMIs in the normal range (18.5–24.9). Men 
with BMIs of 30 or higher had similarly ele-
vated risks [19].

 Cancer

Epidemiological studies have associated obesity 
with a range of cancer types, although the mech-
anisms by which obesity induces or promotes 
tumorigenesis vary by cancer site.

In an exhaustive review of the data, released 
in 2007, an expert panel assembled by the World 
Cancer Research Fund and the American Institute 
for Cancer Research concluded that there was 
convincing evidence of an association between 
obesity and cancers of the esophagus, pan-
creas, colon and rectum, breast, endometrium, 
and kidney and a probable association between 
obesity and gallbladder cancer [20]. Abdominal 
obesity and weight gain during adulthood were 
also linked with several cancers. A later system-
atic review and meta-analysis confirmed direct 
associations between obesity and cancers. Obese 
subjects have an approximately 1·5–3·5-fold 
increased risk of developing these cancers (colon 
and rectum, endometrium, esophagus, kidney, 
ovary, and pancreas) compared with normal 
weight subjects, and it has been estimated that 
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between 15% and 45% of these cancers can be 
attributed to overweight (BMI 25·0–29·9 kg/m2) 
and obesity [21, 22].

Several possible mechanisms have been sug-
gested to explain the association of obesity with 
increased risk of certain cancers:

Fat tissue produces excess amounts of estro-
gen, high levels of which have been associated 
with the risk of breast, endometrial, and some 
other cancers. Obese people often have increased 
levels of insulin and insulin-like growth factor-1 
(IGF-1) in their blood, which may promote the 
development of certain tumors [23].

Fat cells produce hormones (adipokines) 
that may stimulate or inhibit cell growth. For 
example, leptin, which is more abundant in 
obese people, seems to promote cell prolifera-
tion, whereas adiponectin, which is less abun-
dant in obese people, may have antiproliferative 
effects. Fat cells may also have direct and indi-
rect effects on other tumor growth regulators, 
including mammalian target of rapamycin 
(mTOR) and AMP- activated protein kinase. 
Obese people often have chronic low-level, or 
“subacute,” inflammation, which has been asso-
ciated with increased cancer risk. Other possible 
mechanisms include altered immune responses, 
effects on the nuclear factor kappa beta system, 
and oxidative stress. All these factors may act 
directly or indirectly on the tumor microenvi-
ronment to drive tumor progression via the 
stimulation of cell survival/antiapoptosis, cell 
proliferation, angiogenesis, and invasion/metas-
tasis of cancer cells [23–25].

 Depression

Association between obesity and depression has 
repeatedly been established. An analysis of 17 
cross-sectional studies found that people who 
were obese were more likely to have depression 
than people with healthy weights [26]. Since the 
studies included in the analysis assessed weight 
and mood only at one point in time, the inves-
tigators could not say whether obesity increases 
the risk of depression or depression increases the 
risk of obesity. New evidence confirms that the 

relationship between obesity and depression may 
be a two-way street: A meta-analysis of 15 long- 
term studies that followed 58,000 participants for 
up to 28 years found that people who were obese 
at the start of the study had a 55% higher risk of 
developing depression by the end of the follow-
 up period and people who had depression at the 
start of the study had a 58% higher risk of becom-
ing obese [27].

Level of obesity appears to be an independent 
risk factor for common mental health disorders. 
Several reviewers have suggested that severe 
obesity puts individuals at greater risk of depres-
sion [28, 29].

Extremely obese people who seek bariatric sur-
gery have been found to have lower self- esteem 
and higher depression scores than less obese indi-
viduals who seek pharmacological and behavioral 
weight loss interventions [30]. One study found 
that almost two-thirds of morbidly obese patients 
presenting for bariatric surgery had a psychiatric 
diagnosis, with major depression being the most 
common. Most patients were depressed about 
the negative effects of obesity in every aspect of 
their life, for example, health, social life, finances, 
mobility, and functioning [31].

The exact mechanism how obesity increases 
the risk for depression has not yet been defini-
tively identified. Possible mechanisms include 
activation of inflammation, dysregulation of 
oxidant/antioxidant system balance, changes in 
the hypothalamic-pituitary-adrenal axis, insu-
lin resistance, leptin resistance, altered plasma 
glucose, reduced neuronal brain-derived neuro-
trophic factor (BDNF), and decreased serotoner-
gic neurotransmission in various regions of the 
brain and also social or cultural factors.

 Reproduction

Obesity can influence various aspects of repro-
duction, from sexual activity to conception. 
Among women, the association between obe-
sity and infertility, primarily ovulatory infertil-
ity, is represented by a classic U-shaped curve. 
In the Nurses’ Health Study, infertility was low-
est in women with BMIs between 20 and 24 and 
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increased with lower and higher BMIs [32]. This 
study suggests that 25% of ovulatory infertility 
in the United States may be attributable to obe-
sity. During pregnancy, obesity increases the risk 
of early and late miscarriage, gestational dia-
betes, preeclampsia, and complications during 
labor and delivery [33]. It also slightly increases 
the chances of bearing a child with congenital 
anomalies [34]. One small randomized trial sug-
gests that modest weight loss improves fertility in 
obese women [35].

Strong evidence shows that insulin resistance 
is an integral part of polycystic ovarian syndrome, 
especially in obese women. In most women with 
the syndrome, hyperinsulinemia  – driven or 
revealed by excess weight gain – promotes ovar-
ian androgen secretion and abnormal follicular 
development, leading to dysfunctional ovarian 
and menstrual activity. Androgens are carried in 
the circulation bound to sex hormone- binding 
globulin (SHBG). Conditions of high androgen 
and insulin concentrations are associated with 
lower levels of SHBG, resulting in high free 
androgen activity. Thus, clinical manifestations 
of polycystic ovarian syndrome are associated 
with androgen activity and include hirsutism, 
acne, and alopecia, as well as oligomenorrhea 
and ovulation failure [36].

The impact of obesity on male fertility is less 
clear. In a study by Hammoud and colleagues, 
the incidence of low sperm count (oligosper-
mia) and poor sperm motility (asthenospermia) 
increased with BMI, from 5.3% and 4.5%, 
respectively, in normal weight men to 15.6 and 
13.3% in obese men [37]. In contrast, a study 
by Chavarro and colleagues found little effect of 
body weight on semen quality except at the high-
est BMIs (above 35), despite major differences 
in reproductive hormone levels with increas-
ing weight [38]. Hypogonadism is an important 
comorbidity of obesity that is often overlooked. 
Hypogonadism, defined as the presence of low 
testosterone level measured on at least two occa-
sions along with signs or symptoms that are 
owing to low testosterone, has been shown to be 
strongly correlated with obesity. In fact, it has 
been reported that obesity is probably the single 
most common cause of testosterone deficiency 

in the developed world, with approximately 
52.4% of all obese men having testosterone lev-
els below 300 ng/dL [39].

Sexual function may also be affected by 
obesity. Data from the Health Professionals 
Follow-Up Study [40], the National Health and 
Nutrition Examination Survey (NHANES) [41], 
and the Massachusetts Male Aging Study [42] 
indicate that the odds of developing erectile dys-
function increase with increasing BMI. Of note, 
weight loss appears to be mildly helpful in main-
taining erectile function [43].

 Respiratory Diseases

Excess weight impairs respiratory function via 
mechanical and metabolic pathways. The accu-
mulation of abdominal fat, for example, may 
limit the descent of the diaphragm and, in turn, 
lung expansion, while the accumulation of vis-
ceral fat can reduce the flexibility of the chest 
wall, sap respiratory muscle strength, and narrow 
airways in the lungs [44]. Cytokines generated by 
the low-grade inflammatory state that accompa-
nies obesity may also impede lung function.

Of these respiratory diseases, it has already 
been well established that obesity can lead to 
obstructive sleep apnea (OSA) and obesity 
hypoventilation syndrome (OHS).

In a meta-analysis of seven prospective studies 
that included 333,000 subjects, obesity increased 
the risk of developing asthma in both men and 
women by 50% [45]. More recent data suggest 
that the prevalence of wheezing and bronchial 
hyper-responsiveness, two symptoms often asso-
ciated with asthma, is increased in overweight 
and obese individual. Indeed, epidemiological 
studies have reported that obesity is a risk factor 
for the development of asthma [46].

Obesity is also a major contributor to obstruc-
tive sleep apnea (OSA), which is estimated to 
affect approximately 1 in 5 adults; 1 in 15 adults 
has moderate or severe obstructive sleep apnea. 
This condition is associated with daytime sleepi-
ness, accidents, hypertension, cardiovascular dis-
ease, and premature mortality. Between 50% and 
75% of individuals with OSA are obese. Clinical 
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trials suggest that modest weight loss can be 
helpful when treating sleep apnea [47, 48].

Furthermore, a number of studies indicate that 
obesity is also associated with a higher risk of 
developing deep vein thrombi, pulmonary emboli, 
pulmonary hypertension, and pneumonia.

Finally, weight reduction has been shown 
to be effective in improving the symptoms and 
severity of several respiratory diseases, including 
OSA and asthma.

 Cognitive Function

Numerous studies have demonstrated that both 
obesity and metabolic disorders are associated 
with poorer cognitive performance, cognitive 
decline, and dementia. Body weight is a poten-
tially modifiable risk factor for Alzheimer’s 
disease and dementia. When we consider the 
growing population of overweight and obese 
people worldwide, along with an increasingly 
aging population, understanding the pathophysi-
ology of obesity on the central nervous system is 
essential.

A meta-analysis of 10 prospective cohort 
studies that included almost 42,000 subjects fol-
lowed for 3–36 years demonstrated a U-shaped 
association between BMI and Alzheimer’s dis-
ease. Compared with being in the normal weight 
range, being underweight was associated with a 
36% higher risk of Alzheimer’s disease, while 
being obese was associated with a 42% higher 
risk [49]. The associations were stronger in 
studies with longer follow-up. A more recent 
meta- analysis demonstrated a similarly strong 
association between obesity and Alzheimer’s dis-
ease [50].

It is evident that there is a deleterious effect 
of obesity/high fat feeding on cognitive perfor-
mance. In human clinical studies, obesity has 
been shown to increase the risk of the develop-
ment of mild cognitive impairment, in the form 
of short-term memory and executive function 
deficits, as well as dementia and Alzheimer’s 
disease. The exact mechanisms or mediators that 
underlie the connections between obesity and the 
risk of cognitive impairment are still unknown, 

but potential avenues of further research include 
brain atrophy, disruption in cerebrovascular 
function, development of Alzheimer’s disease-
related pathology, and systemic and central 
inflammation. Increased adiposity has been 
correlated with reduced volume in a number of 
brain regions.

Amyloid plaques and neurofibrillary tan-
gles containing tau protein are the pathological 
markers of Alzheimer’s disease, accompanied 
by microglia activation and astrogliosis. Higher 
levels of amyloid-beta (Aβ, the main component 
of amyloid plaques) precursor protein (APP) and 
tau expression have been reported in hippocam-
pal sections from morbidly obese patients with-
out cognitive impairment, compared to a cohort 
of nonobese controls. Indeed increased levels of 
plasma amyloid proteins have been found in a 
number of studies of obese individuals suggest-
ing a possible mechanism linking midlife obesity 
with the later development of Alzheimer’s dis-
ease [50, 51].

Systemic inflammation can contribute to cog-
nitive decline and dementia. Cytokines, such as 
IL-1β and IL-6, have been shown to disrupt neu-
ral circuits involved in cognition and memory. 
A recent meta-analysis identified that increased 
plasma levels of C-reactive protein and IL-6 is 
associated with an increase of dementia.

Moreover, increasing evidence suggests that 
the vascular effects of obesity have a key role in 
the development of vascular cognitive impair-
ment in aged people by promotion of atheroscle-
rosis in large cerebral arteries and alterations at 
the level of the cerebral microcirculation.

 Musculoskeletal Disorders

Excess weight places mechanical and meta-
bolic strains on bones, muscles, and joints. 
Osteoarthritis of the knee and hip are both posi-
tively associated with obesity, and obese patients 
account for one-third of all joint replacement 
operations [52].

Obesity has been implicated in the develop-
ment or progression of a wide variety of muscu-
loskeletal conditions:

M. F. F. Lopes



37

• Osteoarthritis (knee, hip, hand)
• Low back pain (degenerative disc disease of 

the lumbar spine, spinal canal stenosis, and 
zygapophyseal joint disease)

• Diffuse idiopathic skeletal hyperostosis
• Gait disturbance
• Soft tissue conditions (e.g., carpal tunnel syn-

drome, plantar fasciitis)
• Gout
• Fibromyalgia
• Connective tissue disorders (rheumatoid 

arthritis)

There is a significant positive association 
between musculoskeletal disorders and the level 
of obesity. The Centers for Disease Control and 
Prevention [53] recently reported that in the 
United States, more than 31% of obese adults 
reported a doctor diagnosis of arthritis compared 
to only 16% of nonobese people.

Osteoarthritis (OA) is the most common form 
of arthritis and the leading cause of chronic dis-
ability among older people. Large longitudi-
nal studies have demonstrated that obesity is a 
significant risk factor for both the development 
and progression of tibiofemoral knee OA (both 
symptomatic and radiographic) [52]. An associa-
tion, though modest, has also been demonstrated 
between obesity and OA at other sites such as 
the hip, hand, and patellofemoral joint, suggest-
ing that both mechanical and metabolic factors 
may be responsible for the link between OA and 
obesity.

Gout is the most common form of crystal- 
induced arthritis and in the United States affects 
more than 1% of adults [53]. It results from 
the deposition of monosodium urate crystals. 
Obesity is a well-known modifiable risk factor in 
the pathogenesis of gout, and serum uric acid is 
positively associated with BMI. The size of the 
visceral fat area is the strongest contributor to 
elevated serum uric acid concentration, decreased 
uric acid clearance, and increased urinary uric 
acid/creatinine ratio. Weight loss is advocated in 
the overall management of gout.

Fibromyalgia is a complex disorder result-
ing in pain, disturbed sleep, and altered mood. 
A number of risk factors are associated with 

this condition, and obesity also plays a role. In 
a pilot study of overweight and obese women 
with fibromyalgia, the relationship between BMI 
and fibromyalgia symptoms were assessed after 
a 20-week behavioral weight loss treatment [54]. 
Participants lost, on average, 4.4% of their ini-
tial weight, and weight loss predicted a reduction 
in fibromyalgia symptoms, pain interference, 
body satisfaction, and quality of life. In a study 
of obese subjects undergoing bariatric surgery, 
there was a significant reduction in fibromyalgia 
syndrome at follow- up 6–12 months later [55].

Obese patients were more likely to have radic-
ular pain and neurologic signs [56]. Obesity was 
a significant, independent determinant of chro-
nicity in a prospective cohort study in workers 
claiming compensation for lower-back pain [57]. 
In morbidly obese subjects with lower-back pain 
undergoing bariatric surgery, weight loss signifi-
cantly improved the degree of functional disabil-
ity and resulted in less frequent lower-back pain 
and the use of reduced doses of medications [58].

 Nonalcoholic Fatty Liver Disease

Obesity is associated with an increased risk 
of nonalcoholic fatty liver disease (NAFLD). 
Steatosis, the hallmark feature of NAFLD, 
occurs when the rate of hepatic fatty acid uptake 
from plasma and de novo fatty acid synthesis is 
greater than the rate of fatty acid oxidation and 
export (as triglyceride within very low-density 
lipoprotein). Therefore, an excessive amount of 
intrahepatic triglyceride (IHTG) represents an 
imbalance between complex interactions of met-
abolic events. The presence of steatosis is asso-
ciated with a constellation of adverse alterations 
in glucose, fatty acid, and lipoprotein metabo-
lism. It is likely that abnormalities in fatty acid 
metabolism, in conjunction with adipose tissue, 
hepatic, and systemic inflammation, are key fac-
tors involved in the development of insulin resis-
tance, dyslipidemia, and other cardiometabolic 
risk factors associated with NAFLD [59].

The prevalence rate of NAFLD increases 
with increasing BMI. An analysis of liver histol-
ogy [60] obtained from liver donors, automobile 
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crash victims, autopsy findings, and clinical liver 
biopsies suggests that the prevalence rates of ste-
atosis and steatohepatitis are approximately 15% 
and 3%, respectively, in nonobese persons; 65% 
and 20%, respectively, in persons with class I and 
II obesity (BMI 30.0–39.9 kg/m2); and 85% and 
40%, respectively, in extremely obese patients 
(BMI ≥40 kg/m2). The relationship between BMI 
and NAFLD is influenced by racial/ethnic back-
ground and genetic variation in specific genes.

 Other Conditions

A number of additional health outcomes have 
been linked to excess weight. These include the 
development of gallstones in men and women 
[61], chronic kidney disease [62], and acute pan-
creatitis [63].

Obesity harms virtually every aspect of health, 
from shortening life and contributing to chronic 
conditions such as diabetes and cardiovascu-
lar disease to interfering with sexual function, 
breathing, mood, and social interactions. Obesity 
isn’t necessarily a permanent condition. Diet, 
exercise, medications, and even surgery can lead 
to weight loss. Prevention of obesity could vastly 
improve individual and public health, reduce suf-
fering, and save billions of dollars each year in 
healthcare costs.
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Preparing for Gastric Bypass

Joseph Sujka, Rena Moon, Muhammad Jawad, 
and Andre Fernandes Teixeira

Bariatric surgery is a commonly performed surgi-
cal procedure for control of morbid obesity. Its 
use has continued to grow with a total of 196,000 
bariatric surgery procedures performed in 2015, a 
significant increase from 158,000  in 2011 [1]. 
Gastric bypass, including Roux-en-Y and duode-
nal switch, are some of the most common forms 
of bariatric surgery. To optimize weight loss after 
bypass, patients should undergo careful selec-
tion, teaching, biochemical testing, psychiatric 
evaluation, nutritional assessment, and diet 
changes.

 Patient Selection

Medical management can be initially attempted 
for control of severe obesity, but failure rates 
remain high. As a result, many patients are evalu-
ated for surgery once medical management has 
failed. In 1991 the NIH set out the following 
guidelines for patients looking to undergo bariat-
ric surgery (NIH):

• They have a low likelihood of responding to 
nonsurgical techniques.

• They are motivated and informed about opera-
tive risks.

• BMI > 40 kg/m2 or body weight greater than 
100 lbs above ideal body weight.

• BMI between 35 and 40, if they have one 
high-risk comorbid condition or body weight 
greater than 80  lbs above ideal body weight 
with a comorbidity.

The Society of American Gastrointestinal 
Endoscopic Surgeons (SAGES) has similar rec-
ommendations stating that patients who have a 
body mass index greater than 40 kg/m2 or BMI 
greater than 35 kg/m2 with significant comorbidi-
ties who can show that dietary attempts at weight 
control are ineffective should be considered for 
surgery [2]. Utilizing these guidelines patients 
are able to be appropriately triaged for surgical 
intervention and started on the process of becom-
ing ready for their chosen operative intervention.

 Teaching

There are a variety of bariatric procedures that 
can be utilized to control morbid obesity includ-
ing bypass; these include banding, sleeve gas-
trectomy, intragastric balloons, and others. 
Patients seeking bariatric surgery should first 
undergo education about the various options 
available to them for control of morbid obesity. 
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A  study evaluating 297 consecutive patients 
undergoing preoperative teaching found it 
affected patient surgical decision-making. The 
patients underwent teaching about types of oper-
ations including banding, bypass, or other proce-
dures, through 3 weekly interactive 2  hour 
sessions. The study found that after education, 45 
patients (15%) decided to change their surgical 
option and 27 (9%) declined surgery [3]. We 
encourage patients to not only attend classes 
related to bypass surgery but also to read and 
explore the topic through books and videos. Once 
the patient has decided on a procedure, we dis-
cuss this with them in more depth and begin 
operative clearance and planning.

 Biochemical Testing

All patients preparing to undergo bariatric sur-
gery should have basic laboratory evaluation 
including CBC, CMP, and a nutritional workup. 
Key nutritional elements to evaluate include pre-
albumin, albumin, thiamine, folate, 25-OH vita-
min D, iron, and ferritin. Additional elements to 
consider testing are calcium and parathyroid hor-
mone (if vitamin D is a concern), prothrombin 
time (if vitamin K is a concern), B12, vitamin A, 
zinc, selenium, niacin, biotin, and copper. 
Nutritional assessment by a registered dietician is 
essential in this process [2].

 Nutritional Assessment

We require that every patient undergo evaluation 
by a registered dietitian prior to undergoing sur-
gery. Their ongoing involvement throughout the 
patient’s care is essential to a good outcome. 
Preoperatively they talk about weight loss prior 
to surgery and behavioral changes, test patients 
for nutritional deficiencies, and discuss postop-
erative weight loss goals and eating strategies. 
After surgery dietitians are essential in the ongo-
ing monitoring of the patient and should continue 
to be involved in the patient’s weight loss 
process.

 Behavioral Changes

One of the most important changes to make for a 
patient preoperatively is eating habits. It is impor-
tant to identify behaviors preoperatively that may 
result in weight loss, results that are less than 
optimal. Specifically, identifying binge eating 
and snacking has had a discernible effect on a 
patient’s bariatric surgery outcome. Carbohydrate 
addiction has also been evaluated but was not 
shown to have any effect on surgical outcomes.

Binge eating disorder is defined in the DSM-5 
as recurrent episodes of eating more food in a 
short period than most people would under the 
same circumstances. This includes eating quickly 
and eating when not feeling hungry. This results 
in feeling of guilt, embarrassment, disgust, and 
psychological distress [4]. A prospective study 
analyzed 216 obese patients and classified them 
into 3 subgroups: no binge eating, sub-threshold 
binge eating, and binge eating disorder. These 
patients were followed up 3 years after surgery. 
The study found that patients with no history of 
binge eating had a greater percent excess BMI 
loss than those with sub-threshold or binge eating 
disorder [5]. This suggests that identification and 
correction of binge eating could lead to better 
outcomes after bypass surgery.

Snacking is another behavior that has been 
found to affect the weight loss of a patient who 
undergoes bypass surgery. A study of 75 patients 
evaluated the weight loss difference between 
patients who snack regularly, eat a large amount of 
sweets, and those with a normal eating pattern. 
They found a significant difference (p  =  0.04) 
between normal eaters and snackers, finding that 
patients who snacked had a higher caloric intact, 
highest number of daily meals, and least excess 
weight loss of the groups examined. In light of 
these findings, the examiners recommended that 
patients receive additional screening to target these 
patients for additional behavioral therapy [6].

Carbohydrate addiction is the idea that patients 
may be addicted to specific food groups and that 
this may affect postoperative bypass surgery 
weight gains. A study evaluating 104 consecutive 
patients in a single program evaluated patients on 
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a 0–60 scale to determine their level of carbohy-
drate craving. They compared the level of carbo-
hydrate craving to successful excess weight loss 
following surgery. They defined success as per-
cent excess weight loss greater than 50%. They 
found no statistically significant difference in the 
level of preoperative carbohydrate craving 
between successful and unsuccessful patients 
postoperatively. This indicates that carbohydrate 
craving does not seem to affect postoperative 
weight loss success. This, however, does not rule 
out other cravings affecting postoperative weight 
loss success [7].

 Preoperative Weight Loss

The effect of weight loss prior to bariatric surgery 
is a heavily debated topic. Some debate that 
weight loss preoperatively has positive short- 
term effects on difficulty of surgery and resulting 
morbidities and that in the long-term patients are 
more successful with their overall weight loss. 
No study has elucidated an optimal amount of 
weight loss and what effects this has on bariatric 
surgery outcomes, but some have suggested the 
positive benefits.

A 2005 single institution study of 90 subjects 
found a positive correlation between weight lost 
and postoperative excess weight loss and a nega-
tive correlation between BMI and excess weight 
loss after 1 year. For every 1% initial weight loss, 
an increase of 1.8% of postoperative excess 
weight loss was seen, and for every 1 unit of BMI 
increase, there was a decrease of 1.34% excess 
weight loss. This suggests that those with weight 
loss prior to surgery have an increased benefit on 
total loss and those unable to lose weight may be 
less able to lose weight postoperatively [8].

A 2008 single institution study evaluated 150 
patients to see if preoperative total body weight 
correlated with 3–4 year weight loss outcomes. 
Ninety-five patients were followed up for 4 years, 
and the author found that excess body weight loss 
preoperatively correlated positively with main-
taining weight loss outcomes postoperatively. 
This may be due to a variety of factors but most 

likely underscores that those who are motivated 
to lose weight preoperatively develop improved 
habits and eating behaviors resulting in a more 
durable weight loss after surgery [9].

A recently published study in 2013 attempted 
to determine what effects specific percent of 
weight loss preoperatively correlated with opera-
tive outcomes, morbidity, and weight loss at 
1 year. The study was a retrospective review of 
prospective single institution data. It included 
548 patients who underwent laparoscopic Roux- 
en- Y gastric bypass surgery. These patients were 
divided into three groups depending on the 
amount of weight lost after surgery. Group A was 
<5%, B 5–10%, and C > 10%. Comparing these 
three groups, they found that there were signifi-
cant differences in operative time, length of hos-
pital stay, morbidity rate, and mean excess weight 
lost. Those patients with greater preoperative 
weight loss benefited in all these categories [10].

Most patients attempt to lose weight preopera-
tively through traditional means such as diet and 
exercise, but there has been some interest in uti-
lizing adjuncts such as intragastric balloon for 
patients with massive obesity unable to lose 
weight through traditional means. One study 
found that super obese patients can lose up to 
10% of excess weight in 3 months through utili-
zation of an intragastric balloon. Going forward 
adjuncts may be utilized to help decrease patient’s 
weight to further improve bariatric surgical out-
comes [11].

 Psychiatric Evaluation

Psychiatric evaluation remains an important part 
of an obese patient’s preoperative workup. Some 
go as far to say that it is as important to the patient 
as nutritional counseling and preoperative clear-
ance. Patients commonly do not grasp the sever-
ity of their problem, and many use food as a 
comfort mechanism. It is important that these 
habits are brought to the surface, so they do not 
interfere with weight loss after surgery. By deal-
ing with these issues prior to surgery, the out-
come of bariatric surgery can be improved.

5 Preparing for Gastric Bypass
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Psychiatrists have various tools to evaluate 
patients that include, but aren’t limited to, the 
Symptom Checklist 90, Wahler Physical 
Symptoms Inventory, and Personality Assessment 
screen. These tools are utilized in the setting of a 
formal interview where the psychiatrist can delve 
more deeply into issues relating to the patient’s 
obesity. Psychiatrists commonly discuss personal 
trauma, (abuse, etc.), emotional dysfunction, 
(such as suicidal ideation), depression, substance 
abuse, and support systems after surgery. Patients 
need to be ready with supportive friends and fam-
ily postoperatively and have dealt with all these 
factors to optimize their surgical result. This will 
help prevent patients from falling back into self- 
destructive behavior that may worsen their surgi-
cal outcomes.

The concept of psychiatry playing a strong 
role in bariatric surgery has become better 
accepted, but there are those who do not believe 
it plays a strong role as nutritional counseling and 
other support systems surrounding bariatric sur-
gery. A 2014 single institution study evaluated 
485 patients who underwent laparoscopic Roux- 
en- Y gastric bypass surgery. These patients were 
evaluated by a psychiatrist preoperatively and 
given green (453) or yellow light evaluations 
(19). Those with yellow light evaluations were 
recommended for additional psychiatric therapy. 
The study compared percent excess weight loss 
(%EWL) and percent body mass index change 
through a 3-year follow-up after surgery. They 
found that there was no statistically significant 
difference in %EWL or percent body mass index 
over the 3-year follow-up. Given the small num-
ber of yellow evaluation patients, there is not 
enough power to detect a difference in the groups, 
but it does give an interesting counterargument to 
the value of psychiatric evaluation [12].

 Endoscopy

Preoperative EGD is routine in some centers. 
However, there is debate on whether or not it 
should be and whether the risks outweigh the 
benefits. Several studies have been performed in 
the last several years to examine this, and the 

results have been mixed. One study evaluated 
169 patients and had no complications relating 
to the EGD.  They found that only 33.3% of 
patients had negative EGDs; however, only 2 
had changes to their operative plan [13]. Another 
study evaluated 468 patients with abnormal 
findings in 147 (46%) patients. In this study the 
surgical management was only changed in 4% 
of patients [14]. The most recent study, 2013, 
examined 412 patients with a negative EGD in 
191 (55.8%) of patients. None of the findings 
changed the surgical management of these 
patients and were all determined to be benign 
[15]. Based on these and other findings, EGD is 
a relatively safe method for preoperative evalu-
ation of the bypass patient but does not need to 
be routinely utilized as a screening method prior 
to bypass surgery.

 Conclusion

The preparation of the patient for bariatric sur-
gery is multifaceted. It requires multiple teams 
and specialties working in tandem for the best 
possible outcomes. This continued multidisci-
plinary perspective continues to push the field of 
bariatric surgery forward and improves the 
weight loss seen by patients.
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 Introduction

Bariatric surgery has been widely performed, 
and gastric bypass still represents one of the 
most performed procedures throughout the 
world [1]. Roux-en-Y gastric bypass (RYGB) 
has good results in terms of weight loss and can 
achieve a mean of 51–72% excess of weight loss 
(%EWL) [2]; however, the increasingly number 
of procedures leads to a necessity to improve 
patient selection and get optimized results in 
terms of weight loss and minimize postoperative 
complications.

In this context, preoperative weight loss may 
be an adjunct to achieve better results, and 
some centers recommend it [3, 4]. Preoperative 
weight loss can be undertaken by individual 
patients to evaluate the ability to adhere to 
dietary changes and to comply with the treat-
ment, to potentially decrease operating time 
and intraoperative complications, to reduce the 
size of the liver and visceral load, and to influ-
ence postoperative weight loss and other com-
plications [5]. A significant weight loss (>10% 

EWL) before bariatric surgery also ensures a 
better health status of obese patients with and 
without comorbidities [6].

 Impact of Preoperative Weight Loss 
in Surgical Outcomes

Success in bariatric surgery is multifactorial, and 
besides preoperative body mass index (BMI), 
psychosocial disorders, and technical issues, pre-
operative weight loss can be one of the contribu-
tors [7]. Nevertheless, there are conflicting data 
in the literature as to the true effect of a preopera-
tive weight loss regimen on various aspects of 
clinical outcome after bariatric surgery, including 
postoperative weight loss and surgical complica-
tions. Also, the large majority of the available 
studies regarding preoperative weight loss are 
observational and uncontrolled [5].

 Impact in Postoperative Weight Loss

In one of the few randomized controlled trials 
(RCT) assessing the role of preoperative weight 
loss, Alami et al. (2007) randomized 100 patients 
undergoing laparoscopic RYGB (LRYGB) in 
two groups. In one group, patients should demon-
strate a 10% weight loss before their scheduled 
surgery, and patients in the control group com-
pleted their routine preoperative workup. There 
was a higher %EWL up to 3-month follow-up, 
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however, not sustained to the 6-month period. A 
new study has evaluated the same sample of 
patients at a 1-year follow-up, and data were then 
analyzed with consideration of patients who had 
lost a minimum of 5% of their excess weight pre-
operatively. Weight loss group had a lower BMI 
and a higher percentage of excess body weight 
loss at 1-year postoperatively [8].

In the other published RCT, 294 patients were 
randomized to preoperative very low-calorie diet 
(VLCD) and to control group. The distribution 
between the groups was 136 patients in the con-
trol group and 137 in the VLCD group, and after 
a 30-day follow-up, the authors reported no dif-
ference in BMI and BMI loss. However, besides 
the short follow-up period, this study protocol 
was not primarily designed to evaluate any poten-
tial increased weight reduction [9].

There are some observational studies with a 
wide variation between them (sample size, study 
design, degree of preoperative weight loss, dura-
tion of follow-up) in which a positive relation has 
been reported in some, while no relation could be 
confirmed in others and even negative correlation 
was reported [5, 7].

A large Swedish cohort of patients who under-
went RYGB had a median preoperative weight 
loss of −4.5%, and it was observed that the 
improvement in postoperative weight loss was 
related to the amount of weight loss before sur-
gery, what indicates that there seems to be a posi-
tive “dose-response” relationship between 
pre- and postoperative weight loss [3]. A similar 
correlation was observed by Alvarado et  al. 
(2010) in a 90-patient retrospective analysis with 
a 7.25% mean preoperative weight loss with a 
1-year follow-up. In another prospective study 
with a longer follow-up, there was a significant 
positive correlation between preoperative weight 
loss and weight loss at 3 and 4 years after gastric 
bypass surgery [10]. There is also a trend in 
which patients with a higher preoperative weight 
loss sustained also a higher postoperative weight 
loss [11]. Other findings suggest that benefit from 
preoperative weight loss may be limited to male 
patients, but different procedures were analyzed, 
and only a minimum of 2% of weight loss was 
required [12].

Nevertheless, some studies report no associa-
tion between preoperative and postoperative 
weight loss. A retrospective analysis of 300 
patients who have gained or lost weight preoper-
atively has shown that there was no association 
between preoperative percent excess weight 
change and weight loss outcomes in 2 years after 
LRYGB [13]. A 2-year follow-up negative cor-
relation was also found in a nonrandomized, sin-
gle center, prospective study, even with marginal 
statistical significance [14]. Riess et  al. (2008) 
concluded that patients who underwent LRYGB 
and presented more than 4.54 kg lost preopera-
tively had a worst outcome in terms of %EWL 
after 1-year follow-up [15]. This finding, how-
ever, is questionable, due to a significant hetero-
geneity between the groups.

 Impact in Complications and Other 
Outcomes

One of the other advocated reasons to stimulate 
preoperatively weight loss is the potential of this 
strategy in reducing perioperative complications. 
It has been speculated that preoperative weight 
loss treatment may induce a catabolic state, con-
tributing to an elevated risk of complications. 
However, there are some proposed mechanisms 
in which patients may benefit, and one possible 
explanation might be that patients exposed to 
preoperative weight loss could be expected to 
have a better glucose control in the postoperative 
period. A period of hypocaloric nutrition in 
obese, insulin-resistant subjects will improve 
insulin sensitivity, mainly due to depletion of 
glycogen stores and increased glucose uptake. 
Therefore, patients with improved insulin sensi-
tivity before operation are likely to have better 
glucose control postoperatively, which has been 
convincingly shown to be associated with 
improved outcome after surgery [5]. Besides 
metabolic issues, preoperative weight loss can 
facilitate surgical technique, improving surgery 
duration and minimizing technical problems.

Many of the studies addressed this issue, but 
there is no homogeneity between them about the 
definition and reported types of complications. 
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The categories included bleeding, wound infec-
tion, anastomotic leak, need for reoperation dur-
ing the initial hospitalization, and thromboembolic 
complications. Some studies also included late 
complications such as incisional hernia and mar-
ginal ulcers.

There are controversial results, and even the 
few RCTs had no consistent results. Alami et al. 
(2007) found a greater total operating room time 
in the non-weight loss group, but there was no 
difference in estimated blood loss, hospital length 
of stay, and intraoperative or postoperative com-
plication rates, between the groups. This finding 
was maintained after reassessment of the same 
population after 1 year [8]. In a 30-day follow-up 
analysis, Van Nieuwenhove et al. (2011) showed 
a significantly higher number of complications in 
control group, compared to preoperative weight 
loss group.

A Scandinavian study of a large population- 
based cohort (22,327 patients) with a median 
preoperative weight loss of 4.7% analyzed the 
relation between weight loss before surgery and 
postoperative complications. When comparing 
patients in the 75th to the 25th percentile of pre-
operative weight loss, the risk of any complica-
tion was reduced by 13%. For specific 
complications, the corresponding risks were 
reduced for anastomotic leakage by 24%, deep 
infection/abscess by 37%, and minor wound 
complications by 54% [16]. Giordano et  al. 
(2014) showed a higher overall early postopera-
tive complications, with a lower incidence in the 
group with >10% preoperative weight loss [17]. 
In a recent retrospective paper, although no sta-
tistical significance in postoperative complica-
tions, a higher rate of complications in patients 
with preoperative weight gain compared to those 
with weight loss was observed [13]. Another 
study, despite no difference in postoperative 
weight loss, observed a trend to lower rate of 
postoperative complications [15]. Another study 
showed no difference in terms of surgical com-
plications [18, 19].

The lower incidence of complications and 
shorter operative time can be related to technical 
aspects during the surgical procedure. The loss of 
weight can result in decrease of liver volume and 

intra-abdominal fat that leads to a better visual-
ization of gastroesophageal junction and makes 
the division of the small gastric pouch and the 
gastrojejunostomy easier. Furthermore, traction 
to a fatty liver may cause trauma with increased 
risk for bleeding.

RCTs have different findings regarding 
LRYGB operative time comparing groups with 
preoperative weight loss and control groups. In 
fact, one of them compared operating room 
time, what can also take into account the anes-
thetic time, while the other refers to operating 
time [4, 9].

In a nonrandomized prospective evaluation, 
Edholm et  al. (2011) compared liver volume 
and laparoscopic visibility after a 4-week low-
calorie diet. The intrahepatic fat content, as 
assessed by magnetic resonance technique, 
decreased by 40%, and the liver volume 
decreased by 12%. Also, low-calorie group had 
better score regarding the laparoscopic size of 
the left liver lobe, sharpness of the liver edge, 
and exposure of the hiatal region as compared 
to the controls [18]. In another prospective 
analysis, a very low-calorie diet was given dur-
ing 12 weeks; liver volume, visceral, and sub-
cutaneous tissue were measured by both CT 
scan and MRI. BMI had a 10.6% decrease, liver 
volume reduced in 18.7%, and both subcutane-
ous and visceral adipose tissues reduced around 
17%. Interestingly, the authors observed that 
most of the liver volume reduction occurred in 
the first 2  weeks of weight loss, whereas vis-
ceral adipose tissue and body weight decreased 
at a uniform rate over the 12-week study period 
[20]. A RCT also found that median perceived 
visual analog scale of difficulty encountered by 
the surgeon during the operation was signifi-
cantly higher in the control group compared 
with the group that received a VLCD preopera-
tively [9] (Fig. 6.1).

Superobesity is a well-known risk factor for 
complications and obesity recidivism. An opti-
mized and thorough preoperative evaluation 
should be performed in this group of patients, in 
which a preoperative weight loss can benefit even 
more. Some studies, therefore, analyzed out-
comes after preoperative weight loss achieved by 
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different methods in this group of patients. A 
 retrospective, case-control study compared the 
records of 60 super-super obese patients with 
preoperative intragastric balloon (23 cases) or 
without (37 cases). The case group reached an 
11.2% preoperative weight loss, and follow-up 
analysis revealed a more important weight loss 
for the case group only at 1 month after surgery; 
after this period, a similar and constant weight 
loss is observed in both groups. Moreover, a 
shorter operative time and less postoperative 
complications were observed in the intragastric 
balloon (IGB) group [21]. In a series of 20 super-
obese patients, there was observed a mean of 
19.7% preoperative weight loss, due to a hospi-
talization and multidisciplinary program, and no 
postoperative major complications were 
observed, highlighting a tendency toward a posi-
tive effect in this special group of patients [22].

 Methods of Preoperative Weight 
Loss

There are a lot of ways in how weight loss was 
achieved preoperatively in the various published 
studies (informal vs. formal nutrition consult, liq-

uid diet, low-calorie diet, very low-calorie diet). 
The components of a successful program, which 
will likely include both exercises and nutritional 
counseling, as well as the most effective dietary 
plan to achieve a significant amount of preopera-
tive rapid weight loss, are unknown. The multi-
disciplinary team should try to identify the most 
feasible plan, according to the patient. Some pre-
dictive factors for compliance of preoperative 
weight loss recommendations are known, such as 
a high weight loss goal and a frequent self- 
weighing [23].

Although numerous preoperative weight loss 
strategies have been proposed, most of the avail-
able studies did not define or detail the specific 
utilized diet. Based on medical weight loss data, 
very low-calorie diets (VLCD) defined as 800 or 
less kcal/day and low-calorie diets (LCD) defined 
as 800–1200  kcal/day are possible to be pre-
scribed and are generally associated with the 
greatest absolute losses in the shortest periods.

Protein shakes or meal replacement shakes are 
options to accomplish a VLCD. A recent review 
showed 15 studies regarding its use. Duration of 
the intervention was variable (median 4 weeks), 
and there are significant variations to standard 
protocols. Despite the majority of studies were 

Week 12Baseline

Fig. 6.1 Single cross-sectional images of the liver per-
formed by computed tomography at baseline and week 12 
of a very low-energy diet. The images, taken from within 
a series of contiguous 8-mm slices used to calculate total 
liver volume, illustrate the extent of the change in liver 

volume with weight loss in a 35-year-old man with an ini-
tial liver volume of 3.7  L and a final liver volume of 
2.4 L. A 35% reduction in liver size and a weight loss of 
18 kg were observed. (From: Colles et al. [20])
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assessed as weak methodological quality, 10 out 
of the 14 studies that reported on weight loss 
achieved greater than 5% total weight loss com-
pared to baseline weight. Seven of these studies 
achieved greater than 10% [24].

An option used in superobesity with a 
BMI  ≥50  kg/m2 is IGB.  Alfalah et  al. (2006) 
showed that preoperative placement of an IGB 
can reduce the excess weight by 10% within 
3  months, but extending this period failed to 
improve these results further [25]. This lack of 
long-term effectiveness is showed by other stud-
ies, although IGB can be considered a safe 
method, with around 3% of morbidity [26, 27]. 
Most of the patients return to their initial weight 
at 12 months after balloon removal [28], the rea-
son why the IGB is recommended mainly as a 
“bridge” therapy, improving preoperative condi-
tions. Zerrweck et al. (2012) show that IGB prior 
to LRYGB in super-super obese patients signifi-
cantly reduced excess BMI.  It was associated 
with a shorter operative time and a lower overall 
risk of significant adverse outcomes [21].

Ultimately, various treatment modalities are 
appropriate for each patient, and multidisci-
plinary team must use their judgment in selecting 
from among the different feasible treatment 
options.

 Conclusion

Then, bariatric surgery programs should be free 
to recommend preoperative weight loss accord-
ing to the specific needs and circumstances of the 
patient. This strategy, despite no evidence that 
strongly support its benefits, must be encouraged 
due to its potential in reducing surgical complica-
tions and improving postoperative weight loss.
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Preoperative Testing 
and Counseling

Abraham Fridman

 Introduction

A laparoscopic gastric bypass (LGBP) was first 
described in 1994 and has since been used 
worldwide for the treatment of morbid obesity 
[1]. To properly identify patients who will be 
successful in the long term, a thorough preop-
erative work- up is recommended. In this chapter 
a proper preoperative work-up will be described 
and explained to decrease complications and 
increase compliance in all patients who end up 
undergoing a LGBP.

 History

All patients interested in a LGBP should undergo 
an extensive preoperative evaluation for obesity- 
related comorbidities and causes of obesity. This 
evaluation should include a comprehensive medi-
cal history, psychosocial history, and physical 
examination.

A complete preoperative history and physical 
should be obtained on every patient prior to bar-
iatric surgery. Obesity-related comorbidities 
should be identified at this time, including but not 
limited to diabetes, cardiac disease, gastroesoph-
ageal reflux disease (GERD), and obstructive 
sleep apnea (OSA). The physician should  identify 

any potential medical, environmental, or social 
causes of morbid obesity in each patient. Weight 
loss history, commitment to the planned proce-
dure, and any potential exclusions related to sur-
gical risk should be identified at this time. A 
thorough physical exam should be performed on 
all patients to assess for any potential medical or 
surgical contraindications to the planned bariatric 
procedure. Medications and medical history 
should be reviewed in detail. Any mobility limi-
tations should be evaluated and documented as 
these patients are more likely to have periopera-
tive complications [2].

Data supports the association of smoking cig-
arettes with an increased risk of marginal ulcer-
ation and postoperative pneumonia [3]. Smoking 
cessation is recommended at least 6 weeks prior 
to LGBP [4]. This timing of smoking cessation 
has not been supported by other studies, and 
therefore cessation should be recommended at 
any time prior to surgery.

Candidates for LGBP should be counseled to 
avoid pregnancy preoperatively and for 
12–18 months postoperatively. Estrogen therapy 
should be discontinued before LGBP (one cycle 
for oral contraceptives in premenopausal women; 
3 weeks of hormone replacement therapy in post-
menopausal women) to reduce the risk for post-
operative thromboembolic phenomena [2].
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 Laboratory Testing

All patients should undergo routine laboratory 
screening prior to undergoing a gastric bypass. 
Routine testing should include a complete blood 
count, chemistry, coagulation profile, kidney 
function, urine analysis, liver function testing, 
lipid panel, and fasting blood glucose. Routine 
screening for primary hypothyroidism simply due 
to the presence of an obese state is not recom-
mended [5]. However, many insurance companies 
require TSH testing before bariatric surgery.

Lipid profile and preoperative triglyceride lev-
els positively correlate with nonalcoholic steato-
hepatitis, and high-density lipoprotein levels 
negatively correlate with nonalcoholic fatty liver 
disease. This data supports the utility of preoper-
ative lipid profiling [6]. All patients should 
undergo an appropriate nutritional evaluation, 
including micronutrient measurements, before 
any bariatric surgical procedure. Malabsorptive 
procedures require a more extensive evaluation 
[7, 8]. Patients should be screened with iron stud-
ies, B12 and folic acid, B1, and Vitamin D.

 Psychosocial and Nutritional 
Evaluation

Psychosocial factors have significant potential to 
affect long-term outcomes of bariatric surgery. 
Thus, it is recommended that bariatric behavioral 
health clinicians with specialized knowledge and 
experience be involved in the evaluation and care 
of patients before and after surgery. Their main 
role is to identify factors that may pose chal-
lenges to optimal surgical outcome and to pro-
vide recommendations to the patient and the 
bariatric team on how to address these issues [9]. 
Presurgical psychosocial evaluation has been 
adopted by most third-party payers and most bar-
iatric surgery programs [10].

The primary objective for the psychosocial 
evaluation for bariatric surgery is to provide 
screening and identification of risk factors or 
potential postoperative challenges that may con-
tribute to a poor postoperative outcome [11]. 
Obtaining a comprehensive history of the 

patient’s weight trajectory over time, including 
past weight loss attempts, is an essential compo-
nent of the evaluation [12]. It clarifies the vari-
ous environmental and physiologic contributors 
that have affected the patient’s weight [13]. 
Clinical experience and expert opinion, as well 
as most published sets of practice guidelines, 
suggest that it remains important to carefully 
assess past and current eating disorder symp-
toms [14, 15]. Binge eating disorder, night eat-
ing syndrome, self- induced vomiting/purging, 
and anorexia nervosa should be carefully 
screened for. Other eating behaviors like skip-
ping meals, eating in the absence of hunger, 
consuming large portions, obtaining meals out-
side the home, and grazing can all compromise 
weight loss outcomes.

Patients with severe obesity tend to exhibit 
more psychopathology than healthy weight indi-
viduals or those with less severe obesity [16]. 
Psychological disorders like depression, bipolar 
disorder, anxiety, and schizophrenia should all be 
identified and treated prior to undergoing sur-
gery. Clark et  al. found that patients who had 
undergone past treatment for psychiatric or sub-
stance abuse disorders demonstrated better 
weight loss 2  years after surgery [17]. Patients 
should be well-informed, motivated, and willing 
to engage in the necessary postoperative dietary 
and behavioral changes.

 GI Evaluation

There is controversy among different centers and 
studies whether upper endoscopy (EGD) or 
radiographic study like an upper gastrointestinal 
series (UGI) should be routinely or selectively 
used. The European Association for Endoscopic 
Surgery recommends performing either an UGI 
or an EGD for all patients undergoing bariatric 
procedures [18]. Loewen et al. found the positive 
EGD findings led to a change in medical treat-
ment in 18% of patients out of a group of 447 
[19]. In another study, out of 536 patients, 4.9% 
had changed or altered operative procedures due 
to endoscopic findings [20]. However, there are 
multiple other studies in the literature that do not 
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show a benefit to doing routine preoperative GI 
evaluations [21, 22].

In operations that exclude anatomy, like the 
LGBP, it is acceptable to perform a preoperative 
EGD or UGI, because up to 80% of patients with 
pathological findings can be asymptomatic [23]. 
EGD is a better modality due to its ability to visu-
alize and biopsy lesions. Proper cancer screening 
with colonoscopy should be performed prior to 
LGBP if clinically warranted.

Prevalence of Helicobacter pylori (H. pylori) 
varies from 8.7% anywhere up to 85.5% in differ-
ent populations [23, 24]. There is evidence that 
supports screening, which reduced incidence of 
perforation postoperatively and potentially 
reduced marginal ulcers from 6.8% to 2.4% with 
preoperative diagnosis and treatment [20]. 
However, other studies conclude that gastric 
ulcers are related to surgical procedures and not 
H. pylori infection [25]. Evidence overall does 
not support routine screening, but in high preva-
lence areas, routine screening is recommended.

 Venous Thromboembolic Events 
(VTE/DVT)

History of VTE or pulmonary embolism (PE) 
should be obtained in all patients. Based on the 
BOLD database, overall risk of VTE was 0.42%, 
with most events occurring after discharge and 
within 30 days. Risk of VTE was found to be greater 
in patients undergoing a LGBP than a lap band [26]. 
Appropriate diagnostic evaluation for DVT (ultra-
sound) should be obtained in patients with history 
of thromboembolism. Prophylactic use of IVC fil-
ters prior to LGBP does not prevent PE and may 
lead to additional complications [27]. A longer 
duration of chemoprophylaxis is recommended for 
patients at high risk for postoperative VTE.

 Cholelithiasis/Abdominal 
Ultrasound

The incidence of gallstones and or cholecystec-
tomy in autopsy populations is up to 45% in 
females as reported in a Danish study [28]. The 

Swedish obesity study showed that obese patients 
have a significantly higher prevalence of choleli-
thiasis, cholecystitis, cholecystectomies, and 
pancreatitis as compared with the reference pop-
ulation. Obesity surgery significantly increased 
the incidence of cholelithiasis, cholecystitis, and 
cholecystectomies in men. In both genders, 
weight loss was related to an increased incidence 
of biliary disease [29]. Transabdominal ultraso-
nography (US) remains an effective diagnostic 
tool to assess for cholelithiasis with sensitivity 
and specificity greater than 87–96% (may have a 
limited sensitivity in the obese patient) [30]. It is 
a noninvasive test, with minimal to no radiation 
exposure, which has a very high yield.

It is well established, as mentioned before, 
that obesity is a significant risk factor for stone 
formation and that the presence of gallstones is 
proportionate to the degree that the individual is 
overweight. It has also been shown that rapid 
weight loss from any cause is strongly associated 
with stone formation [29]. Approximately 30% 
of post-bariatric surgery patients newly develop 
gallstones within 12–18 months after LGBP, and 
about 1/3 of these patients are symptomatic [31]. 
Different effects of surgery have been explained 
as the cause of increased biliary disease after 
LGBP. Some suggest that it is the altered anat-
omy and the diversion of food from the distal 
stomach or duodenum decreases gallbladder con-
tractility [32]. Other data supports that it is the 
metabolic and neuronal alterations that play a 
greater role than an alteration of anatomy [33].

Prophylactic cholecystectomy in all patients 
continues to be advocated by some, but it is per-
formed far less often now. A selective approach 
to cholecystectomy can be undertaken and is 
guided with either preoperative or intraoperative 
assessment of the gallbladder. Patients who are 
symptomatic and have signs of gallbladder dis-
ease should undergo an US and have a cholecys-
tectomy if abnormalities are diagnosed on 
preoperative US. Tucker et  al. found 12% inci-
dence of gallbladder pathology, with 65% of 
those patients undergoing a concomitant chole-
cystectomy at the same time as the LGBP. 17.6% 
of the patients who did not undergo a cholecys-
tectomy required a subsequent operation. They 
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concluded that cholecystectomy for US con-
firmed pathology is feasible and safe and 
reduces future gallbladder-related morbidity 
[34]. On the other hand, Papasavas et  al. sug-
gest that the gallbladder does not need to be 
evaluated in patients without symptomatic dis-
ease due to lack of significant gallbladder dis-
ease postoperatively [35]. However, a case can 
be made that since the access to the biliary tree 
after a LGBP is more difficult, a preoperative or 
concomitant cholecystectomy should be per-
formed to minimize the risk for a more compli-
cated procedure in the future. Although there is 
controversy regarding preoperative gallbladder 
evaluation prior to LGBP, data supports preop-
erative gallbladder evaluation with an US and a 
subsequent cholecystectomy if abnormalities 
are detected.

 Medical Subspecialty Evaluation

 Pulmonary

In patients considered for LGBP, a chest radio-
graph and standardized screening for obstructive 
sleep apnea (OSA) (with confirmatory polysom-
nography if screening tests are positive) should 
be considered. OSA is prevalent before bariatric 
surgery in up to 94% of patients, 38% being undi-
agnosed [36]. Predictive models lack sufficient 
sensitivity and specificity. Moderate to severe 
OSA is associated with increased mortality and 
adverse outcomes in the bariatric surgery group 
[37]. Routine screening preoperatively should be 
considered, with further diagnostic testing and 
treatment of appropriate at-risk patients. Standard 
preoperative management of OSA with continu-
ous positive airway pressure is recommended.

Patients seeking bariatric surgery also com-
monly suffer from other pulmonary ailments like 
asthma, dyspnea, chronic pulmonary obstructive 
disease (COPD), and obesity hypoventilation 
syndrome (OHS). Some of these patients suffer 
from more severe hypoxemia than OSA patients. 
If severe disease is confirmed, patients should 
have preoperative arterial blood gas measure-
ments and pulmonary function tests [38].

 Cardiology

Increase in BMI has steadily shown to predict 
increased cardiovascular mortality, and that 
increase can be two to four times higher than nor-
mal weight individuals [39]. Patients with a known 
heart disease may require a formal cardiology con-
sultation before bariatric surgery. Noninvasive car-
diac testing beyond an electrocardiogram is 
determined on the basis of the individual risk fac-
tors and findings on history and physical examina-
tion. Patients at risk for heart disease should 
undergo evaluation for perioperative beta-adrener-
gic blockade. In a cohort comprised of many bar-
iatric surgery patients, the continuation of 
beta-blockers was associated with fewer cardiac 
events and improved 90-day mortality rates [40].

 Endocrinology

Type 2 diabetes mellitus (T2D) is one of the risk 
factors contributing to postoperative complica-
tions and death after LGBP. Preoperative glyce-
mic control should be optimized using a diabetes 
comprehensive plan (diet, physical activity, phar-
macotherapy, etc.). Reasonable targets for preop-
erative glycemic control include a Hgb A1C 
<6.5–7%., fasting blood glucose <110, and a 
2-hour postprandial blood glucose of <140 mg/
dL [41]. A shorter duration and better glycemic 
control preoperatively is associated with a higher 
rate of T2D remission after surgery [42]. In a 
study of 468 patients undergoing LGBP, elevated 
preoperative hemoglobin A1C was associated 
with elevated postoperative hyperglycemia. 
Postoperative hyperglycemia is independently 
associated with wound infections, acute renal 
failure, and reduced T2D remission rates [43].

 Informed Consent

Completely informed consent requires both the 
physician and the patient to be informed with all 
of the information. Informed consent for bariatric 
surgery is a dynamic process of education and 
patient comprehension which begins at the initial 
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consultation and does not end till the time of the 
actual surgery. Disclosure of the risks and benefits 
plays a vital role as well. Educational objectives, 
active teaching (and learning), and assessments 
are recommended. These should be communi-
cated clearly and presented at a 6th–8th grade 
level [44]. Multimedia, social media, and other 
interactive tools have shown promise in improv-
ing patient comprehension and understanding of 
the proposed procedure. Informational seminars 
that have been adopted by many programs are 
vital in the beginning of the patient experience, 
but education should be ongoing throughout the 
work-up. Promotion of realistic expectations is 
recommended, and the benefits of the procedure 
should not be overstated [45]. Thorough discus-
sion for the need of long-term follow-up, vitamin 
supplementation, and the cost required for both is 
vital to postoperative success. Consent should 
include the experience of the surgeon within the 
specific procedure offered and whether the hospi-
tal is an accredited institution or not.

While many statistics can be given to the 
patient, care must be taken to not just highlight 
the positive ones. An objective assessment of 
patient’s individual risks, outcomes, and expecta-
tions should be provided. If there is a significant 
variance between individual and national statis-
tics, these should be clearly highlighted to the 
patient [46]. Patients often forget significant ele-
ments of their preoperative teaching and educa-
tion, including risks of serious complications. 
Therefore this discussion should be held again 
immediately prior to the proposed operation. 
There have also been legal precedents that per-
haps individual facility and surgeons’ specific 
complication rates be included in the consent 
process [47]. The ultimate consent privilege lies 
with the patient alone. Therefore, it is prudent 
and safer to have a well-educated and truly 
informed patient prior to the procedure.

 Conclusion

Preoperative work-up for LGBP is very impor-
tant in the subsequent success and happiness of 
the patient. It is essential to set up practice stan-

dards such that each patient can be approached in 
a standardized and evidence-based fashion pre-
operatively to optimize care. Standardized preop-
erative protocols will limit errors of omission and 
inappropriate offerings of surgery. They will 
ensure no patient gets left behind or falls through 
the cracks while increasing efficiency and avoid-
ing unnecessary testing [46].
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The global prevalence of T2DM has increased 
significantly on the past decades. WHO reports 
an increase from 30 million individuals in 1985 
to 177 million individuals in 2000, and with 
maintained progress on incidence, it is expected 
over 500 million diabetic individuals by 2030 [1]. 
Important to state that a significant group of the 
diabetic population is unaware of the condition 
and, therefore, chronically exposed to continued 
hyperglycaemia and consequently high morbid-
ity and mortality due to the lack of treatment. On 
2014, the United States National Institutes of 
Health (NIH) Centres for Disease Control related 
a 9.3% (29.1 million) prevalence of diabetes on 
the American population, stressing that approxi-
mately 30% (8.1 million) of this population are 
nondiagnosed diabetic patients [2].

Diabetes is responsible for three million 
deaths annually, ranging 1.7–5.2% of all reported 
death causes, remaining a fifth death cause world-
wide, and several papers suggest there is under 
notification of diabetes-related deaths [3–5].

Great attention is driven to the Asiatic popula-
tion, wherein ethnic distinctive physiology of 
body fat storage and its influence in metabolic 
arrangements pose an increased risk for meta-
bolic syndrome with less body mass index (BMI) 
when compared to the occidental population. In 
China in 2010, diabetes prevalence was 11.6%, 
and prediabetes was as high as 51% [6]. The 
Asiatic population is at risk for a high prevalence 
of the so-called metabolically obese phenotype, 
wherein early-onset increased abdominal adipos-
ity can coexist with normal body weight or low 
BMI [7]. Impairment of insulin sensitivity and β 
cell function induced by free fatty acids derived 
from abdominal adipose tissue leads to T2DM 
and metabolic syndrome even with low BMIs.

Although long-term glycaemic control can 
delay or ameliorate the evolution of diabetes to 
cardiovascular risk and chronic complications, 
barely half of the diabetic population can achieve 
adequate glycaemic control relying solely on 
medical treatment and behavioural changes [8, 
9]. Longitudinal studies such as UKPDS demon-
strated the limited results on long-term glycae-
mic control in this population, suggesting that 
novel therapies be used to improve diabetes con-
trol and prevent chronic complications of the dis-
ease [10, 11].

On the other hand, the past decades have wit-
nessed great enthusiasm with the results of bar-
iatric surgeries, mainly gastric bypass but also 
other procedures, on treating diabetes in T2DM 
patients. Bariatric procedures were widely 
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accepted as a treatment for T2DM particularly 
after significant data with strong evidence report-
ing complete diabetes remission in 78.1% and 
improvement (remission + amelioration) in 
86.6% of the patients treated with gastric bypass 
[12, 13]. Bariatric surgery has been reported to 
improve glycaemic control and other metabolic 
targets, providing a cost-effective alternative 
approach to treat T2DM patients. Considering 
cardiometabolic risk reduction and glycaemic 
control, bariatric surgery has been indicated cur-
rently to treat obesity patients who cannot achieve 
good control with medical treatment [14].

The effectiveness of bariatric surgery in diabe-
tes remission with mechanisms not entirely 
related to weight loss raised the question on how 
nonobese or mild obesity diabetics would respond 
to surgical treatment. In 2006, Cohen et al. [15] 
published a series of 37 diabetic patients with 
BMI < 35 kg/m2 with severe comorbidities, sub-
mitted to laparoscopic gastric bypass with a 
4-year follow-up. Thirty patients had comorbidi-
ties remission, and mean excess weight loss was 
81%. De Sá et al. [16] analysed 27 patients with 
BMI < 35 kg/m2 submitted to Roux-en-Y gastric 
bypass (RYGB) to treat uncontrolled T2DM, 
with a mean follow-up of 20  months. On the 
postoperative follow-up, an excess weight loss of 
94% was achieved, and 74% of the patients com-
pletely discontinued medications, whereas 48% 
achieved complete diabetes remission. 
Preoperative BMI or drug scheme did not influ-
ence glycaemic control or diabetes remission, 
whereas long-standing diabetes was associated 
with inferior results.

Several randomized trials are currently evalu-
ating metabolic surgery for T2DM in patients 
with BMI < 35 kg/m2. Shimizu et al. [17] evalu-
ated 18 studies, with a total of 477 patients. 
Remission rate of 64% was achieved, considered 
as a patient with discontinued medications, plus 
fasting plasma glucose (FPG)  <126  mg/dl and 
HgbA1c <6.5%. Schauer et al. [18] presented a 
randomized trial of bariatric surgery vs intensive 
medical therapy for obese patients with diabetes, 
wherein 34% of the population studied had a 
BMI lower than 35  kg/m2. Diabetes remission 
rate for the bypass group at 1 year was 42% vs 
12% for medical treatment.

The Diabetes Surgery Study randomized clin-
ical trial [19] performed a comprehensive review 
of the available literature and compared gastric 
bypass to intensive medical therapy in 120 
patients with a 12-month follow-up, with target 
on ADA criteria for metabolic syndrome control: 
HgbA1c  <  7%, systolic blood pres-
sure < 130 mmHg and LDL <100 mg/dL. Most 
patients in both groups were obese with 
BMI < 35 kg/m2. At 1 year follow-up, 75% of the 
bypass group had met the criteria for diabetes 
remission, compared to only 32% of the medical 
treatment group.

Recently, elucidation of the complex physio-
pathology on energy storage and expenditure has 
raised novel targets on the preoperative evalua-
tion of patients who can benefit from metabolic 
surgery. BMI remains important, but strong evi-
dence suggest that visceral fat, more than BMI 
itself, has the potential adverse influence on gly-
caemic control through impairing insulin resis-
tance and β-cell function. Therefore, anatomical 
rearrangement of the gastrointestinal tract and its 
well-known effect on entero-hormonal changes 
in fact benefits a great number of patients regard-
less of weight loss. Current recognized strong 
predictors of good postoperative metabolic 
results of bariatric surgery include recently diag-
nosed diabetes and preserved β-cell function as 
measured by C-peptide levels [20].

Surgery is evaluated to T2DM patients consid-
ering patient ability to tolerate surgical proce-
dures and always with a tailored approach to 
risk-benefit relations on an individual basis. 
Bariatric surgeries have repeatedly been reported 
as a low-morbidity and safe procedure, with 
overall mortality rates ranging from 0.1% to 
0.2% and a major complication rate of 2.5% [21, 
22]. Despite low morbidity and mortality, a com-
plete comprehensive preoperative workup with 
multidisciplinary evaluation is warranted in stan-
dards of care required to all bariatric and meta-
bolic interventions, as it is routine for all elective 
operations. Surgery is better avoided in patients 
with high surgical risk for adverse cardiovascular 
events or other critical medical conditions, which 
can preclude surgery as a treatment for T2DM 
and metabolic syndrome. Accessing the specific 
type of diabetes, screening for chronic complica-
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tions of the disease and measurement of β-cell 
function and the grade of pancreatic endocrine 
insufficiency are of special value to help predict 
chances of diabetes recurrence and exclude 
unrecognized type 1 diabetes.

Bariatric surgery in patients who present mod-
erate or severe obesity has long been established 
as a gold standard to treat T2DM alongside with 
obesity [13]. In the past decade, bariatric surgery 
has gained wide acceptation also in patients with 
T2DM and metabolic syndrome who present 
mild obesity and even overweight patients, who 
present poor glycaemic and metabolic control 
with medical treatment. The key to success with 
the surgical treatment relies on adequate selec-
tion of the patient for metabolic surgery to treat 
T2DM. Given that metabolic syndrome is closely 
related to the obesity phenotype – with patients 
who present central obesity posing an increased 
risk – several papers have addressed the value of 
BMI as a sensible parameter to select obese 
patients for metabolic surgery [23, 24]. Panuzi 
et al. [25] published meta-analysis of all studies 
to date on diabetes remission in patients with 
T2DM and found no significant differences in 
diabetes remission when studies with preopera-
tive BMI < 35 kg/m2 (remission rate 72%) were 
compared to preoperative BMI  ≥  35  kg/m2 
(remission rate 71%).

In the Asiatic population, studies have 
addressed the need to identify other parameters 
rather than BMI who would correlate better with 
the risk of T2DM.

Yu et al. [26] published a retrospective review 
of prospectively collected data of 68 ethnic 
Chinese with mean BMI of 31.5 kg/m2 submitted 
to RYGB, evaluated for metabolic outcomes. Of 
note, preoperative visceral fat area (VFA) was 
evaluated with magnetic resonance imaging. 
Diabetes remission was defined as no medica-
tions and HbgA1c  <  6.5% at 1  year following 
surgery. The authors found that remission was 
achieved in 73.5% of the patients. When the 
remission group was compared to non-remission 
patients, BMI and waist circumference did not 
differ, whereas remission patients had a shorter 
duration of diabetes, lower preoperative HgbA1c 
levels, higher C-peptide levels and more visceral 
fat area, suggesting that those patients who pres-

ent more visceral adiposity can significantly ben-
efit from RYGB, and VFA might be of great value 
in the preoperative decision-making.

The selection of a patient for metabolic sur-
gery should be based therefore in the presence 
of metabolic syndrome with a poor control of 
diabetes, with a specific approach to diabetes 
and metabolic syndrome. The evaluation of dia-
betic patients should include a cutoff point of 
HgbA1c of 7% as preconized by American 
Diabetes Association (ADA). In addition, better 
results will be achieved in individuals with dia-
betes with short (<5  years) duration and 
C-peptide >2.9  ng/dL, who represent better 
residual β-cell function [27].

Because of such amount of evidence, an inter-
national consensus conference was held in 
Rome-IT in 2007. The first Diabetes Surgery 
Summit (DSS-I) [28] encouraged randomized 
clinical trials to evaluate bariatric surgery as a 
valid treatment for T2DM in comparison to inten-
sive lifestyle changes and medical treatment. The 
RCTs published on the sequence of DSS-I are 
repeatedly corroborating the findings that meta-
bolic surgery is superior to medical interventions 
in reducing cardiovascular risk factors and 
achieving better glycaemic control in the range of 
obesity patients.

Again, because of the great number of studies 
addressing the topic of bariatric surgery as a 
treatment for T2DM in mildly obese patients, the 
International Diabetes Federation also positioned 
and published in 2011 a Position Statement con-
sidering bariatric surgery as an acceptable treat-
ment modality for T2DM in patients with a 
BMI < 35 kg/m2 and poor control with medical 
treatment [29].

Based on the accumulated level 1 and 1A evi-
dence of good short- and long-term results with 
metabolic surgery in grade I obese diabetics, 
comparable to grade II and III obese diabetics, 
with low morbidity and mortality of RYGB, 
Campos et  al. [30] published, on behalf of the 
Brazilian Bariatric and Metabolic Surgery 
Society, a Position Statement on metabolic sur-
gery in which a “Metabolic Risk Score” is pro-
posed to select patients for metabolic surgery 
(Table 8.1). The score consists of obligatory and 
complementary criteria. On the complementary 
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field, patients are attributed positive scores (+1) 
to criteria which are supposed to influence posi-
tively on postoperative outcomes and negative 
scores (−1) for criteria which are supposed to 
negatively influence postoperative outcomes. 
Metabolic surgery will be indicated when patients 
meet all obligatory criteria and score 7 points or 
more on the complementary criteria field.

In 2016, Rubino et  al. [31] published the 
results of the Diabetes Surgery Summit II 
(DSS-II), which represents the most complete 
evidence to date, thus definitely introducing bar-
iatric surgery in the treatment algorithm of diabe-
tes in obese subjects, including mild obesity with 
poor medical control, establishing new guide-
lines that recommend bariatric surgery as an 
option, alongside with medical and lifestyle 
interventions, to treat T2DM.  These guidelines 
were supported by more than 40 international 

societies representing various clinical and surgi-
cal societies worldwide. The guidelines are 
described on the sequence, and its use should be 
encouraged as a reference for the use of bariatric 
surgery as a recommended treatment of T2DM in 
obese patients. The algorithm for the selection of 
patients for metabolic surgery suggested in 
DSS-II is represented in Table 8.2.

In conclusion, the current options for medical 
treatment of T2DM are insufficient to achieve 
adequate glycaemic control in most obese dia-
betic patients, particularly in the long-term fol-
low- up. Metabolic surgery in diabetic patients 
with a BMI < 35 kg/m2 is safe and effective and 
appears to have similar results as in patients with 
BMI greater than 35 kg/m2, improving diabetes 
control when compared to lifestyle and medical 
interventions alone. The indication for metabolic 
surgery must be made in a tailored approach con-
sidering risk-benefit relations and after a com-
plete and thorough preoperative assessment by a 
committed multidisciplinary team in a certified 
institution for the surgical treatment of obesity 
and metabolic syndrome patients. Worldwide, 

Table 8.1 Metabolic risk score for metabolic surgery

Metabolic risk score
Obligatory criteria Type 2 diabetes mellitus

Age 30–65
BMI ≥ 30 kg/m2

Baseline C-peptide >1 ng/dL and 
negative Anti-GAD
HgbA1c 2 points above reference 
regardless of medical treatment
Surgical indication corroborated 
by endocrinologist

Complementary 
criteria

BMI: 30–30,9 kg/m2: 0 points
  31–31.9 kg/m2: +1 point
  32–32.9 kg/m2: +2 points
  33–33.9 kg/m2: +3 points
  34–34.9 kg/m2: +4 points
Albuminuria >30 mg/g  
creatinine: +1 point
C-peptide >50% baseline after 
mixed meal test: +1 point
Hypertension: +1 point
Dyslipidaemia: +1 point
Macrovascular disease: +1 point
NASH: +1 point
Sleep apnoea: +1 point
Diabetes time:
  2–5 years: +2 points
  5–10 years: +1 point
  >10 years: −1 point
  >15 anos: −2 points
Insulin use >5 years: −1 point

From Campos et al. [30]

Table 8.2 Patients with type 2 diabetes

Nonobese (BMI < 30 kg/m2 or 27.5 for Asians)
  Nonsurgical treatment
Obese (BMI ≥ 30 kg/m2 or ≥ 27.5 kg/m2 for Asians)
  Class I obese (BMI 30.0–39.4 kg/m2 or 27.5–

32.4 kg/m2 for Asians)
   Optimal lifestyle and medical treatment
     Adequate glycaemic control – nonsurgical 

treatment
     Poor glycaemic control – consider metabolic 

surgery
  Class II obese (BMI 35.0–39.9 kg/m2 or 32.5—37.4 

for Asians)
   Optimal lifestyle and medical treatment
     Adequate glycaemic control – consider 

metabolic surgery
     Poor glycaemic control – recommend metabolic 

surgery
  Class III obese (BMI ≥ 40 kg/m2 or ≥ 37.5 for 

Asians)
    Preoperative assessment – recommend metabolic 

surgery

Algorithm for the treatment of T2DM, as recommended 
by DSS-II voting delegates (From Rubino et  al. [31]) 
Indications consider that patients are clinically able to tol-
erate surgery)
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surgical societies for the treatment of obesity and 
metabolic syndrome strongly encourage the 
development of randomized clinical trials to 
answer questions related to cost-effectiveness 
and long-term follow-up of surgery in diabetic 
patients with mild obesity and to determine more 
adequate parameters than BMI alone to achieve 
more precise selection of the ideal patients for 
surgery.
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Psychiatric Issues During 
the Postoperative Period 
of Bariatric Surgery

Adriano Segal and Debora Kinoshita Kussunoki

 Introduction

The most effective treatment for severe obesity in 
terms of weight loss and weight loss maintenance, 
in terms of positive impacts on many quality of 
life (QoL) and health markers – including mental 
health markers – and also in terms of overall mor-
tality decrease is the surgical approach [1]. This is 
a well-known fact, as described and explained 
throughout this book. Regardless of that, there are 
many clinical and psychological concerns associ-
ated to the follow-up of bariatric surgeries (BS). 
These concerns are, in great part, justifiable and 
seem to result from, at least, two causes:

 1. Although not always declared, there is also 
a generalized fear that there are some psy-
chological and/or psychiatric complications 
resulting from the procedure, regardless of 
the care offered. It is our opinion that this 
fear is much more a consequence of prejudice 

against obesity – associated or not to psycho-
somatic unproven theories in relation to its 
etiology – than just scientifically based cau-
tion. This particular point is further discussed 
in our chapter on depression, suicide and drug 
abuse disorders.

 2. BS obviously are not a panacea for obesity. 
They are not even “the easiest way” or “the last 
chance,” as many patients, family members, 
and, unfortunately, some health professionals 
wish for despise and/or fear in a sometimes 
concurringly, confusingly, or counterproduc-
tively manner. Patients and health team must 
be aware that being submitted to this type of 
procedure equals taking on a lifelong commit-
ment of collaboration (in the true sense of the 
word, i.e., a joint work) with the multiprofes-
sional team, especially during the postopera-
tive period (PO), and start acting accordingly. 
This attitude is probably the main way for 
achieving procedure success in the long run, 
not only in terms of weight and comorbid-
ity reduction but also in terms of preventing 
adverse events and complications, which may 
sometimes become irreversible [2].

The prevalence of some psychiatric disor-
ders (PD) in the BS candidates is higher than 
in the overall population [3]. However, at the 
same time, psychiatric improvement is 
expected in a large part of these patients [4], 
probably as a result of the removal of an 
important stressing factor, that is, severe obe-
sity. This disease exerts stress not only through 
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the huge psychological burden that being 
obese represents – a lot was already said about 
the stigma of obesity in modern society – but 
also through somatic pathways such as bio-
chemical, hormonal, inflammatory, clinical, 
and multidrug regimen side effects, among 
others. In this chapter, we will address part of 
these aspects.

 Psychiatric Disorders Identified 
During the PO

For a significant part of the BS patients, PO will 
represent at least half of their lives, usually more. 
Therefore, it is reasonable to expect a higher 
chance of PD onset during the PO than on the 
preoperative period, without a true cause/effect 
relation. This can be simply an effect of the lon-
ger period of time patient is expected to live after 
the surgery, a point it is worth to be studied.

In fact, there is no cause/effect relation in 
great part of the cases, despite some contrary 
assumptions [4]. The cause/effect relation, which 
some attribute to BS or to weight loss, is far from 
consensual in the scientific community.

These new PDs may in fact appear in the PO 
(the patient never presented PD before surgery) or 
simply may be diagnosed in the PO (patient had a 
PD or history of PD, which remained unknown to 
the team for some reason). These PDs may or may 
not be related to bariatric surgery or weight loss.

Some candidate causes of PD onset during the 
PO are:

• Age group: the age group of great part of BS 
candidates is usually close to the age of the 
first psychiatric state. With the increasing 
number of adolescents submitted to these pro-
cedures, this will probably become a main 
reason [5].

• Gender: The majority of the BS candidates are 
female, and there is a higher prevalence of PD 
in females, notably mood, anxiety, and eating 
disorders [6, 7].

• Eating disorders (not present during preoper-
ative) that may be caused by any of the PO 
changes. For instance, in 2004, we described a 

state characterized by important changes in 
the relationship with food combined with an 
intense and irrational fear of weight regain. 
Unlike in anorexia nervosa (AN), high-calorie 
foods – usually tastier and easier to swallow – 
are often chosen. Additionally, the core crite-
ria for AN and bulimia nervosa (BN) are 
absent in the Postsurgical Eating Avoidance 
Disorder (PSEAD) [4].

• Behavioral changes resulting from specific 
malnutrition [8].

• Pharmacokinetic changes of alcohol in some 
techniques (especially in those techniques 
with the Roux Y), favoring a more effective 
alcohol absorption and faster damage to tar-
get organs (liver, pancreas, heart, and brain) 
[9, 10].

• High levels of association between eating dis-
orders and substance abuse [11].

• Reward deficiency syndrome (RDS) [12].

We have chosen not to include the last three 
items under the concept of “compulsion change.” 
Due to the fact there is no sufficient scientific evi-
dence to support this concept, using it would only 
help to perpetuate prejudice in an area which it is 
already abundant enough.

On the other hand, some aspects can “produce” 
PDs in the PO. Actually those PDs already existed 
in the preoperative period. Those are [12, 13]:

• Insufficient psychiatric anamnesis: as many 
teams do not include a psychiatrist, psychiat-
ric issues tend to be investigated by nonspe-
cialist professionals. The inclusion of 
psychiatrists is recommended due to the 
higher than normal prevalence of PDs in that 
population. Their presence in the team tends 
to mitigate this kind of error.

• Mood disorders that can be mistaken as 
“expected” depressive reactions in the pres-
ence of morbid obesity or in the presence of 
food restriction secondary to most bariatric 
procedures.

• Bipolar spectrum states may take years to be 
diagnosed as such; thereby they can be mis-
treated as unipolar depression or general anxi-
ety disorder, in the case of mixed states.
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• Intentional misinformation by the patient and/
or family member due to shame or with the 
aim of not being contraindicated for surgery.  
It is worth noting that this item can be a some-
how iatrogenic consequence of health profes-
sionals’ prejudice, of inadequate formation, or 
of denials of surgery approval in the presence 
of all PDs. Some teams still use the expression 
“postpone surgery” as an euphemism to con-
traindication, despite the fact that there are 
only few and well-defined cases in which this 
posture is justifiable. The cases in which sur-
geries are “postponed” are much more abun-
dant than those cases mentioned.

 Interference of PDs in the Outcome 
of BSs

Regardless the PD being pre-existing or appearing 
after the BS, it can interfere with the patient com-
pliance to clinical and nutritional follow-up and, 
possibly, interfere in the global outcome. Therefore, 
each pathology must be detected and treated as 
early as possible in order to avoid negative impacts 
on weight loss, on the nutritional status and on the 
patient’s QoL and global health [12].

It is important to emphasize that there is no 
need for normalization/complete remission of 
the majority of PDs before BS, at least from the 
evidence- based medicine point of view [12]. 
Exceptions of that stance are the states in which 
the patient cannot fully understand the surgical 
and nonsurgical procedures that will take place, 
their needs, limits, and consequences. In those 
conditions, the patient is temporarily or perma-
nently incapable of reasoning and deciding, 
leading to the necessity of full treatment before 
the surgical decision is taken. Also, in the states 
in which there is a substance abuse disorder 
present (see specific chapter), the surgery should 
be postponed. The first group is comprised of 
active psychotic states at the time of preopera-
tive procedures, acute mania, acute and severe 
depressions, and states with innate or acquired 
cognitive impairment, reversible or not. In the 
case of reversible states, when reverted, they do 
not constitute contraindication [4, 12–14].

Furthermore, for some authors [14], slow pre-
operative evaluations/preparations can be not 
only a type of prejudice, in face of the current 
means of scientific evidences, but also useless.

In the table below [6, 12], some PDs and their 
relations with BS PO are shown:

Disorder (DSM V) Related symptoms Others
Major depressive 
disorder

Changes in mobility and/or motor autonomy; 
increased appetite; weight gain and 
sleepiness (depressive episodes with atypical 
characteristics); gloominess; and pessimistic 
thoughts. Somatic symptoms bring patient 
back to the office with uncommon BS 
complaints
Risk and/or suicidal behavior include not 
following nutritional scheme directions

Depressive episodes with atypical characteristics 
are more frequent in BD 1 and BD 2 and major 
depressive disorder recurring with a seasonal 
pattern. Mania episodes that present after BS 
may be preceded by atypical preoperative 
depression

Bipolar disorders
(BD)

Mania: lack of impulse control (including 
eating in some cases). Poor compliance to 
treatment regimens. There is association of 
BD with absenteeism, school failure, 
divorces, and in more severe cases, violent 
behavior
Marked irritability and mood instability
Increased suicide risk in mixed states
Hypomania: less severe presentations
Weight gain with mood stabilizers and 
atypical antipsychotics must be observed
BS may help in compliance to the posology 
scheme in specific cases
Some obesity treatments may induce mania 
or hypomania episodes in these patients

Uncontrolled shopping, excessive spending, 
alcohol abuse, as well as other substances, 
unusual sexual behavior (for the patient), 
excessive involvement in highly enjoyable 
activities with a potential for harmful 
consequences
Higher rates of diabetes mellitus type 2, even 
before psychopharmacological treatment
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Disorder (DSM V) Related symptoms Others
Schizophrenia Patients with negative symptoms show 

decrease in physical and social activities
Positive symptoms must be treated prior to 
BS and patients must be followed up
Change in mobility and/or autonomy
Variable weight gain with different kinds of 
antipsychotics. In some cases, BS may help 
in compliance to the posology scheme

More visceral obesity and metabolic syndrome 
even before starting treatment with 
antipsychotics.

Anxiety  
disorders

Choking phobia: patient avoids solid foods 
or food that could get “stuck”
Agoraphobia: possibly associated to greater 
use of delivery fast food and/or visiting 
24-hour store at night

Higher cortisol levels

Obsessive 
compulsive 
disorder

Rituals and compulsions that make 
compliance to nutritional schemes or to 
clinical follow-up more difficult
Prader-Willi syndrome: impulsive and 
compulsive behaviors, hyperphagia

Eating with symmetry rituals may lead to 
overeating

Substance  
use disorders

Non-compliance to clinical and nutritional 
follow-up
Risky behaviors
May be at an increased risk of becoming 
addicted to alcohol as result of changes in 
alcohol absorption and metabolism
Malnutrition (crack/cocaine) or sometimes 
insufficient weight loss (Cannabis), case 
reports only

Search for psychiatric comorbidities. Treating an 
underlying PD makes it easier to treat the 
addiction

BN Weight maintenance achieved through 
inappropriate compensatory behaviors 
(self-induced vomiting, laxatives and 
diuretics abuse, prolonged fasting, excessive 
exercise)
Differentiate between bulimic symptoms and 
involuntary vomiting immediately after 
PO. Some of these may later evolve to 
provoked vomiting, be it to lose weight or as 
a response to gastric discomfort

The presence of inappropriate compensatory 
practices must be investigated, not only in 
preoperative period but especially in the PO

Binge eating 
disorder and night 
eating syndrome

Difficulty to keep with the proposed 
nutritional schemes and less weight loss

High comorbidity rate with mood and anxiety 
disorders

PSEAD (not in 
DSM V)

Higher and/or faster weight loss than 
expected and tests are not compatible with 
technique used
Resistance to any type of dietary or medical 
approach Intense and irrational fear of going 
back to weight before BS

Differential diagnosis between AN and PSEAD 
must be done. In DSM V, PSEAD could be 
classified as Atypical AN
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 Interference of BSs on Present PDs

 Possible Psychiatric Presentations 
Resulting from Nutritional 
Deficiencies [12]

 Pellagra
Caused by deficiency of niacin and/or tryptophan, 
pellagra is usually associated to alcohol abuse, 
unbalanced vegetarian diets, and extreme malnutri-
tion. It is classically described as the Five Ds: der-
matitis, diarrhea, delirium, dementia, and death. 
Replacement promotes a fast recovery; however if 
the deficiency is maintained, recovery tends to be 
slower or permanent damage may arise.

 Beriberi
Vitamin B1 (thiamine) deficiency is character-
ized by cardiovascular and neurological altera-
tions and associated to Wernicke-Korsakoff 
syndrome. Symptoms include apathy, depres-
sion, irritability, nervousness, and concentration 
deficit. Long-lasting cases could cause severe 
and irreversible memory loss.

 Wernicke-Korsakoff Syndrome (WKS)
WKS is a severe neuropsychiatric syndrome due 
to B1 deficiency commonly caused by alcohol 
abuse and/or poor nutrition.

Wernicke’s encephalopathy symptoms are 
confusion, loss of motor coordination, tremors, 
ataxia, visual alterations, nystagmus, and palpe-
bral ptosis.

Korsakoff’s syndrome includes anterograde 
and retrograde amnesia, inventing stories (con-
fabulation), and hallucinations.

 Vitamin B12 Deficiency
Vitamin B12  – which needs the intrinsic factor 
produced by the gastric mucosa to be absorbed – 
deficiency is characterized by megaloblastic ane-
mia, neurological manifestations resulting from 
nervous degenerations, and mental alterations.

Apathy, depression, and irritability are com-
mon. In some cases, acute confusional state 
(delirium), illusions, hallucinations, and demen-
tia are observed.

Symptoms reversion is usually fast after early 
and continuous administration of vitamin B12.

 Psychiatric Alterations as Result 
of Weight Loss [12, 13]

The idea that diets cause a negative psychological 
impact is widely disseminated among lay people 
and also among some health professionals. That 
is possibly a result of – or was reinforced by – the 
first trials carried out on this topic, from 1950 to 
1970. These studies were not randomized con-
trolled trials, and their results were mainly based 
on non-standardized clinical evaluations. 
Controlled trials, with standardized tools carried 
out as from 1969, have shown opposite results, 
with patients presenting improvement in mental 
health parameters. There is a consensus about the 
psychological and QoL improvement in success-
fully treated obese patients, proportional to the 
amount of weight loss and regardless of the 
method.

Eating disorders will be further discussed in a 
specific chapter.

 Psychiatric Alterations as Result 
of the Surgical Procedures [12]

Here, we will mention the changes in the many 
different moments of PO. It is worth noting that 
part of them are common to any type of surgery 
similar to BS in terms of physiological impact 
and preparation, and the other part is associated 
to nutritional deficiencies.

 Immediate PO (1st Day)
Delirium (acute confusional state)

• Postanesthesia
• Anesthetics and previously suspended long 

half-life drug interactions
• Others (embolism or strokes in the CNS, 

unbalanced electrolytes, other metabolic/
physiological acute disturbances)

• Substance use or abstinence (licit or illicit)

9 Psychiatric Issues During the Postoperative Period of Bariatric Surgery
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 Mediate (1st Month) and Late PO  
(from 2nd Month)
• Substance use or abstinence (licit or illicit)
• Reemerging psychiatric syndromes known in 

preoperative
• Reemerging of psychiatric syndromes 

unknown before the surgery (see above)
• States caused by dietary deficiencies (see 

above and other chapters of book)
• Use of licit or illicit substances leading to psy-

chiatric states (via intoxication or triggering)
• Attempted suicide [15]

 At Any Time in Any Surgery  
(Not Only BS)
Many psychiatric conditions may be present in the 
PO of any type of surgery, without a  cause-effect 
relationship. These can include factitious disorder, 
Münchhausen syndrome, and simulation.

Factitious disorder is characterized by inten-
tionally produced or simulated physical or psy-
chological symptoms or syndromes with the 
purpose of playing the role of a sick person in the 
absence of external incentives or immediate gain. 
In general, an individual is not aware of the moti-
vation. Münchhausen syndrome is the most 
chronic and severe variant of its presentation and 
seems to be most frequent in men.

Simulation presents with a clear direct gain 
such as indemnifications, running from the 
police, and finding a place to stay at night.

Somatization
This is a polysymptomatic state with onset before 
30 years of age, which takes place for many years 
and is characterized by a combination of pain, gas-
trointestinal, sexual, and neurological symptoms. 
The symptoms are not intentionally produced.

Epilepsy with Psychiatric, Psychological, and/
or Behavioral Symptoms
Epileptic fits present signs and symptoms that 
reflect the affected area of the brain. It can pres-
ent motor, sensitive, sensory-perceptive, auto-
nomic, and even psychological manifestations 
[12]. Epileptic fits in the temporal lobe often 
present automatism, including crying, laughing, 
shouting, walking, running, and kissing. The 

more common secondary reactions and feelings 
during these fits are fear, anxiety, depression, 
depersonalization, pleasure, and displeasure. 
Aura, when present, may involve feelings of fear 
or anxiety, changes in gastric motility, or a feel-
ing of smelling strange things.

 Psychopharmacological Treatment 
in the PO

Obviously there are few differences in treatments 
of PDs in the PO compared to other situations 
where they are used. The same psychotherapeu-
tic, biological, psychopharmacological, and 
social approaches must be instituted.

However, some items must be observed, and 
only the last one is unique to BS:

 1. Choosing the drug which is less associated to 
weight gain/metabolic alterations whenever 
possible

 2. Be aware of drug and food interactions of psy-
choactive drugs

 3. Be aware of pharmacokinetic and pharmacody-
namic changes that could change the serum lev-
els of the prescribed medication (s)  [16–18]

 Conclusion

There is a high association of PDs and obesity, 
notably in BS candidates.

This fact makes psychiatrist’s presence on 
the multidisciplinary team strictly required. 
Psychologists with proper training may be able to 
diagnose some PDs (by means of clinical open, 
semistructured or structured interviews) but have 
no technical capacitation for thoroughly treating 
the majority of PDs.

On the other hand, BSs seem to have a posi-
tive effect on most pre-existing PDs, even though 
it shows no effect or even some negative effect on 
a minority of cases.

There are no evidences that suggest weight 
loss causes worsening of pre-existing states, pro-
vided the adequate psychiatric care is properly 
implemented.
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Likewise, PDs with onset in the PO can be the 
result of many factors, alone or combined, and 
also may be more common in one surgical tech-
nique than in another (i.e., malnutrition, alcohol 
pharmacokinetics alterations). While a meaning-
ful part of them can be addressed through preven-
tion or specific treatment, only a minority is 
directly caused by BSs. In all cases, a compre-
hensive evaluation is granted.

One point worth being discussed is the appar-
ently higher risk of suicide in BS PO, as men-
tioned above. For example, in a study cited above 
[15], there were higher suicide rates among sur-
gical patients when compared to the overall pop-
ulation and paired according to gender and age. 
The study did not match for BMI nor the pres-
ence of previous psychiatric disorder and/or 
dietary disorders. The authors of that important 
study state that “suicides are not necessarily 
attributed to the bariatric surgery, but may be 
related to myriad factors.” We agree that, although 
this outcome should be kept in mind as there is a 
substantial number of studies addressing this 
point, it should not be viewed as a well-proven 
cause-effect relationship.

Despite an enormous amount of literature, 
definite knowledge available is still insufficient, 
especially when the broadening of indications for 
BSs and the metabolic surgeries are considered. 
Specific, prospective, and adequately designed 
trials are still necessary. With the available data, 
BS are safe among psychiatric patients when 
proper care is taken.

Acknowledgment The authors would like to thank 
Rodrigo Rezende for his English revision.

References

 1. Yumuk V, Tsigos C, Fried M, Schindler K, 
Busetto L, Micic D, et  al. European guidelines 
for obesity management in adults. Obes Facts. 
2015;8(6):402–24.

 2. Segal A, Kussunoki D. Psychiatric disorders and post- 
operative follow-up. In: Rios B.  Integrated health 
in bariatric surgery. 2015. ebook available at http://
www.bariatric.today/

 3. Duarte-Guerra L, Coêlho B, Santo M, Wang 
Y. Psychiatric disorders among obese patients seeking 

bariatric surgery: results of structured clinical inter-
views. Obes Surg. 2014;25(5):830–7.

 4. Segal A, Kinoshita Kussunoki D, Aparecida Larino 
M. Post-surgical refusal to eat: anorexia nervosa, buli-
mia nervosa or a new eating disorder? A case series. 
Obes Surg. 2004;14(3):353–60.

 5. Olbers T, Gronowitz E, Werling M, Mårlid S, 
Flodmark C, Peltonen M, et  al. Two-year out-
come of laparoscopic Roux-en-Y gastric bypass 
in adolescents with severe obesity: results from a 
Swedish Nationwide Study (AMOS). Int J Obes. 
2012;36(11):1388–95.

 6. American Psychiatric Association. Diagnostic 
and statistical manual of mental disorders. 5th ed. 
Arlington: American Psychiatric Association; 2013.

 7. Buchwald H, Avidor Y, Braunwald E.  Bariatric sur-
gery. A systematic review and meta-analysis. ACC 
Curr J Rev. 2005;14(1):13.

 8. Fujioka K.  Follow-up of nutritional and metabolic 
problems after bariatric surgery. Diabetes Care. 
2005;28(2):481–4.

 9. Hagedorn J, Encarnacion B, Brat G, Morton J. Does 
gastric bypass alter alcohol metabolism? Surg Obes 
Relat Dis. 2007;3(5):543–8.

 10. King W, Chen J, Mitchell J, Kalarchian M, Steffen 
K, Engel S, et  al. Prevalence of alcohol use dis-
orders before and after bariatric surgery. JAMA. 
2012;307(23):2516.

 11. Ross HIvis F. Binge eating and substance use among 
male and female adolescents. Int J Eat Disord. 
1999;26(3):245–60.

 12. Segal A, Kussunoki DK. Transtornos Psiquiátricos 
no Pós-Operatório. In: Pereira A, Freire CC, Godoy 
EP, Viegas F, Marchesini JCD, Zanela MT (Eds): 
Cirurgia Bariátrica e Metabólica - Abordagem 
Multiprofissional. Editora Rubio. Rio De Janeiro RJ, 
2019. p 371–79.

 13. Segal A. Obesidade e comorbidade psiquiátrica: car-
acterização e eficácia terapêutica de atendimento mul-
tidisciplinar na evolução de 34 pacientes. São Paulo, 
1999. Thesis (Doutorate) – Faculdade de Medicina da 
Universidade de São Paulo.

 14. Ashton D, Favretti F, Segato G.  Preoperative psy-
chological testing – another form of prejudice. Obes 
Surg. 2008;18(10):1330–7.

 15. Tindle H, Omalu B, Courcoulas A, Marcus M, 
Hammers J, Kuller L.  Risk of suicide after long- 
term follow-up from bariatric surgery. Am J Med. 
2010;123(11):1036–42.

 16. Hamad G, Helsel J, Perel J, Kozak G, McShea M, 
Hughes C, et al. The effect of gastric bypass on the 
pharmacokinetics of serotonin reuptake inhibitors. 
Am J Psychiatr. 2012;169(3):256–63.

 17. Semion K, Dorsey J, Bourgeois J.  Intravenous 
valproate use in bipolar II disorder after gastric 
bypass surgery. J Neuropsychiatry Clin Neurosci. 
2005;17(3):427–a-429.

 18. Padwal R, Brocks D, Sharma A. A systematic review 
of drug absorption following bariatric surgery and its 
theoretical implications. Obes Rev. 2010;11(1):41–50.

9 Psychiatric Issues During the Postoperative Period of Bariatric Surgery

http://www.bariatric.today/
http://www.bariatric.today/


75© Springer Nature Switzerland AG 2020 
J. Ettinger et al. (eds.), Gastric Bypass, https://doi.org/10.1007/978-3-030-28803-7_10

Sleep-Disordered Breathing 
and Bariatric Surgery

Michael V. J. Braganza and Stephen K. Field

 Introduction

Obesity has become increasingly prevalent glob-
ally. According to WHO research, the number of 
obese individuals has doubled since 1980. It has 
been estimated that roughly 1/3 of North 
Americans are categorized as obese, defined as 
having a BMI > 30 [1]. Worldwide, it is estimated 
that roughly 10% of the population meets this 
definition [2, 3]. Obesity is a chronic disease with 
systemic consequences. The respiratory system 
is no exception.

There are variety of mechanisms by which 
obesity can impact respiratory function. 
Furthermore, there is emerging evidence that the 
prognosis and natural history of some disease 
processes, including asthma, COPD, and several 
kinds of cancer, are influenced by obesity [2]. It 
increases the risk for pulmonary embolism as 
well as for aspiration pneumonia. Obesity, in the 
absence of other conditions, can cause respira-
tory complications in the perioperative setting. 
Bag-mask ventilation, endotracheal intubation, 
and operative oxygenation can all be compro-
mised by excess adiposity. The focus of this 
chapter will be on sleep-related complications in 
bariatric surgery. The reader should be aware that 
excess adipose tissue can have a variety of 

adverse effects beyond its deleterious effects on 
sleep.

 Pulmonary Complications  
of Obesity

Several mechanical and physiologic alterations 
are present in the obese. Excess weight increases 
oxygen consumption and carbon dioxide produc-
tion and mechanically disadvantages the respira-
tory system [4]. These changes can be slowly 
progressive and not perceived by the patient. 
Symptoms, when present, typically occur with 
exertion. In extreme cases, obesity heightens 
ventilatory demand, increases the work of breath-
ing, mechanically disadvantages the respiratory 
muscles, and decreases the compliance (stiffens) 
the respiratory system [2].

 Subdivisions of Lung Volumes 
and Pulmonary Function Tests

A grasp of pulmonary function testing, including 
spirometry, plethysmography, the determination 
of lung volumes, and the measurement of diffu-
sion capacity, is essential to understanding the 
effects of obesity on respiration. Figure  10.1 
demonstrates the subdivision of lung volumes. 
The abbreviations used for the various lung vol-
umes and spirometric parameters are shown in 
Table 10.1.
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Functional residual capacity (FRC) (A) is the 
lung volume at the end of a passive expiration and is 
the point where the tendency of the lung to collapse 
is balanced by the equal and opposite recoil of the 
chest wall. If one makes a maximal inspiratory 
effort, the inspiratory limit is the total lung capacity 
(TLC) (B) or maximum lung volume. If one then 
makes a maximal expiratory effort, the expired vol-
ume is the vital capacity (VC), and the remaining 
air in the lungs is the residual volume (RV) (C). The 
volume difference between the FRC and the RV is 
called the expiratory reserve volume (ERV).

Obese patients will commonly have preserved 
total lung capacity [2, 4–6]. However, there are 
some changes that are considered typical for the 
obese patient. In obese patients, the increased 
weight compresses the chest wall reducing the 
lung volume where the recoil of the chest wall is 
balanced by the tendency of the lung to collapse 

reducing both FRC and ERV but RV remains 
relatively preserved. ERV decreases exponen-
tially with increasing BMI (Fig. 10.2) [5, 7, 8]. 
The ERV may be reduced over 40% in those with 
a BMI of 30 kg/m2–55 kg/m2. In patients with a 
BMI ≥  60  kg/m2, the ERV can be reduced by 
80%. Figure  10.3 demonstrates the effects of 
severe obesity on lung volumes.

Total lung capacity (TLC) is only minimally 
decreased, even in cases of morbid obesity [9–11] 
(Fig. 10.3). Any reductions in TLC are likely on 
the basis of increasing diaphragmatic impedance 
and intercostal adiposity. The chest wall, despite 
the increased load, is only minimally affected. 
Tidal volumes are generally (but not universally) 
reduced. The morbidly obese (BMI > 40 kg/m2) 
may have an increased respiratory rate, as well as 
an increased minute ventilation [12].

Spirometry is the most frequently used test for 
assessing pulmonary function and measures vital 
capacity and expiratory flow rates (Fig. 10.4). The 
most commonly used flow rate is the FEV1. 
Reductions in FEV1 with relative preservation of 
FVC are seen in obstructive lung diseases includ-
ing asthma and COPD. In restrictive diseases such 
as interstitial lung disease and chest wall disor-
ders including morbid obesity, both FEV1 and 
FVC are reduced in a similar proportion. There is 
an inverse relationship between weight and FEV1 
and FVC. These changes are particularly apparent 

RV

FRC

TLC

VC

Volume

ERV

A

B

C

Fig. 10.1 Subdivision 
of lung volumes

Table 10.1 Common spirometric and subdivision of 
lung volume terms

FEV1 Forced expiratory volume in 1 second
FVC Forced vital capacity
FEV1/FVC Ratio of FEV1 and FVC
TV Tidal volume
FRC Functional residual capacity
RV Residual volume
ERV Expiratory reserve volume
VC Vital capacity
TLC Total lung capacity
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once the BMI exceeds 40  kg/m2 [13]. A cross-
sectional study of 1674 adults demonstrated that a 
1 cm increase in waist circumference resulted in 
13  ml/second and 11  ml average reductions in 
FEV1 and FVC, respectively [6].

Diffusion capacity is a measure of the gas 
exchange ability of the lungs and is reduced in 
diseases of lung parenchyma such as emphysema 
and interstitial lung diseases. It is generally pre-
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Fig. 10.3 The effect of 
severe obesity on lung 
volumes. The reduction 
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served in obese patients in the absence of under-
lying lung disease.

Weight loss after bariatric surgery is the most 
effective intervention to improve pulmonary 
function. It is associated primarily with an 
increase in ERV, but improvements may also be 
seen in RV, FRC, and TLC [14]. However, it 
should be noted that pulmonary function 
improvements are smaller than expected when 
compared to never-obese patients of similar 
height and ethnicity [13].

 Distribution of Obesity

In obese patients, the respiratory system is also 
affected by adipose tissue distribution. Fat dis-
tributed around the lower thorax and upper abdo-
men, both in subcutaneous tissue and around the 
viscera, impedes chest wall motion. This is 
referred to as central obesity. Peripheral obesity, 
where fat distribution is concentrated on the hips 
and extremities, has less of an effect on chest wall 

mechanics. An increased waist-to-hip ratio 
(WHR), a surrogate for central obesity, predicts 
this respiratory impairment better than BMI [2, 
6]. Other markers of central obesity include waist 
circumference, abdominal height, and subscapu-
lar skinfold thickness [4]. Weight gain affects 
respiratory function more in men since they have 
a greater propensity for central obesity.

 Physiologic Changes  
and Gas Exchange in Obesity

With increasing obesity, the ERV is reduced, 
and the patient breathes at a lower absolute lung 
volume. Breathing at lower lung volumes may 
cause airway closure. In turn, atelectasis may 
develop in the dependent lung zones. Total 
respiratory compliance may be reduced both by 
chest wall restriction and atelectasis [7]. The 
relative contributions of each are variable and 
likely patient specific [15–19]. These processes 
are exacerbated by abdominal pressure on the 
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Fig. 10.4 The expiratory spirogram. The FEV1 is the 
volume of air forcefully expired in 1 second. The FVC is 
the total volume of air that can forcefully be expired. 

Though decreases in both are is seen in obesity, changes 
are most apparent when BMI exceeds 40 kg/m2
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diaphragm in the supine position, a concern dur-
ing abdominal surgery. In extreme obesity, tidal 
volumes (TV) are reduced with a compensatory 
increase in the respiratory rate that is particu-
larly evident during exercise [4, 20].

Even in the absence of lung disease, gas 
exchange may be compromised in the mor-
bidly obese. Airway closure and atelectasis 
will reduce ventilation to the dependent lung 
zones where perfusion is greatest. The result-
ing ventilation/perfusion mismatch may cause 
hypoxemia.

 Effect of Obesity on Sleep

One of the major consequences of obesity on the 
respiratory system, sleep-disordered breathing 
(SDB), is often unnoticed and undiagnosed [21, 
22]. SDB encompasses a variety of conditions, 
including upper airways resistance syndrome 
(UARS), obstructive sleep apnea (OSA), central 
sleep apnea (CSA), Cheyne-Stokes respiration, 
and obesity hypoventilation syndrome (OHS). 
These conditions are associated with a variety of 
adverse clinical outcomes, including poor neuro-
cognitive performance, psychiatric disturbances, 
increased risk of motor vehicle accidents, and 
cardiovascular morbidities and hypertension, 
stroke, and coronary artery disease. SDB also 
represents a significant risk factor for periopera-
tive complications, including cardiorespiratory 
failure and prolonged intubation. These condi-
tions are associated with significant socioeco-
nomic burden. Among these conditions, OSA is 
the most clinically relevant to the bariatric sur-
geon. The other disorders of breathing are briefly 
reviewed below.

 Central Sleep Apnea and Cheyne- 
Stokes Respiration

CSA is characterized by the cessation of airflow 
and of ventilatory effort. The condition can be 
idiopathic or secondary to another process (i.e., 
Cheyne-Stokes respiration).

Cheyne-Stokes respiration is a cyclical breath-
ing pattern characterized by apnea followed by 

rapid frequency crescendo-decrescendo tidal vol-
umes terminating with another apnea. Cheyne- 
Stokes respiration is commonly associated with 
congestive heart failure, neurologic disease, and 
sedative medications. It is unrelated to obesity.

 Obesity Hypoventilation Syndrome

OHS is a severe form of sleep-disordered breath-
ing. It is defined by the presence of chronic day-
time hypercarbia (PaC02 > 45 mmHg) not caused 
by other conditions such as severe lung disease, 
neurological disease, or sedative or narcotic med-
ication, in patients with obesity (BMI > 30 kg/
m2). It is often referred to as obesity-related 
respiratory insufficiency in the literature. It often 
occurs in association with OSA; 80% of those 
with OHS have OSA. It is estimated that 10–20% 
of those with OSA have OHS, with higher preva-
lence among the morbidly obese [23]. The patho-
genesis is incompletely understood. Several 
different proposed mechanisms, including 
mechanical impedance due to excessive adipose 
tissue, an impaired central response to hypercar-
bia and hypoxemia, as well as neurohormonal 
disturbances, are thought to play a role [23]. It 
has a similar clinical presentation to OSA but is 
often more severe. It is associated with cognitive 
deficits, pulmonary hypertension and consequent 
right heart failure, and endothelial dysfunction 
with resultant adverse cardiovascular effects. It is 
also a significant risk factor for perioperative 
complications. Bariatric surgery may be effective 
treating this condition [24]. A small study of 31 
patients who underwent bariatric surgery demon-
strated significant improvements in Pa02 and 
PaC02 1  year after surgery. However, in 12 of 
these patients, both Pa02 and PaC02 had worsened 
5 years later in the absence of weight gain [25]. 
This indicates that SDB, including OSA, can 
recur despite successful surgery. Patients with 
OHS have an increased risk of perioperative 
death due to higher rates of postoperative respi-
ratory failure and venous thromboembolism 
[26]. All patients with OHS should undergo 
polysomnography prior to surgery. OHS should 
be optimized medically prior to surgery with 
 continuous positive airway pressure (CPAP).

10 Sleep-Disordered Breathing and Bariatric Surgery



80

 Obstructive Sleep Apnea

OSA is characterized by cyclical cessation or 
reduction of airflow due to upper airway obstruc-
tion that occurs during sleep [9]. Obesity is its 
major risk factor. For every 10  kg increase in 
body weight, the risk of OSA increases twofold. 
An increase in BMI of 6 kg/m2, or an increase in 
abdominal/hip girth of 13–15  cm, is associated 
with a fourfold increase in the risk OSA [27]. 
Other risk factors include craniofacial abnormali-
ties, acromegaly, hypothyroidism, and increased 
neck circumference [28]. When defined by an 
apnea-hypopnea index (AHI) of ≥5, its preva-
lence ranges from 15 to 30% in males and 5 to 
15% in females in the North American popula-
tion [27]. The vast majority of patients are both 
undiagnosed and untreated [29].

 Pathophysiology

It is a common misconception that the patho-
genesis of OSA is simply due to fat and soft 
tissue directly obstructing the airway. There are 
multiple mechanisms postulated to contribute 
to upper airway obstruction. Anatomical fac-
tors, including enlarged soft tissue structures 
such as the tongue, tonsils, soft palate, and 
uvula surrounding the airway, can reduce air-
way patency. In the recumbent position, dia-
phragm excursion is reduced in the obese 
resulting in decreased intrathoracic pressure 
and lung volumes. This reduces the “tug” on the 
trachea applied indirectly through traction from 
the mediastinal structures [9]. Thickening the 
walls of the lateral pharyngeal walls and nar-
rowing the airway also play a role [9]. Airway 
edema due to cephalad displacement of fluid 
from the lower extremities occurs in patients 
with OSA while recumbent. Neurohormonal 
influences on the thalamus and peripheral 
inflammation may also contribute [9].

Even in extreme obesity, the airway itself is 
rarely compromised during wakefulness. This 
phenomenon, known as the “wakeful stimuli,” 
highlights a key aspect of OSA’s pathogenesis 
[9]. In the obese, nocturnal pharyngeal collaps-

ibility directly contributes to OSA pathogenesis. 
More than 20 skeletal muscles, known as pha-
ryngeal dilation muscles, ensure airway patency 
in humans. When an individual falls asleep, the 
activity of these pharyngeal dilator muscles 
declines, as has been demonstrated by electro-
myography (EMG). The decreased activity is 
proportionally greater in the pharyngeal muscles 
than the reductions in other respiratory muscles, 
including the diaphragm [30]. As sleep deepens, 
pharyngeal muscle activity progressively less-
ens, making the upper airway more compliant 
and vulnerable to collapse. When inspiration 
reduces intraluminal airway pressure below the 
tissue pressure (applied by pharyngeal muscles, 
submucosal fat, and edema), the compliant pha-
ryngeal tube will obstruct. This effect is exagger-
ated when the patient enters rapid eye movement 
(REM) sleep, a state where the accessory respi-
ratory and pharyngeal muscles are effectively 
paralyzed [9].

An apneic event occurs when the upper air-
way obstructs, resulting in hypoventilation. The 
resultant hypercarbia and hypoxemia cause an 
arousal, associated with an adrenergic surge that 
restores upper airway patency by lessening (or 
fragmenting) sleep with an associated increase 
in pharyngeal muscle tone. Catecholamines and 
other hormones are released. The cycle occurs 
repetitively with subsequent sleep fragmenta-
tion that is associated with daytime symptoms 
including (but are not limited to) excessive day-
time sleepiness, unrefreshing sleep, and snoring 
[29, 31, 32]. Neurocognitive complaints, includ-
ing memory impairment, decreased occupa-
tional performance, depression, anxiety, and 
decreased sexual drive, are commonly described 
[29]. The large negative intrapleural pressures 
generated during episodes of airway obstruction 
may result in gastroesophageal reflux [32]. 
Biochemical disturbances can become apparent. 
Hypoventilation and consequent hypercarbia 
may cause respiratory acidosis. The kidneys 
respond to the respiratory acidosis by increasing 
retention of bicarbonate (HC03). The result is a 
chronic metabolic alkalosis. Chronic hypox-
emia stimulates renal production of erythropoi-
etin, increasing bone marrow production of 
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erythrocytes to increase oxygen-carrying capac-
ity. This may manifest as (secondary) polycy-
themia, which may be associated with increased 
risk of venous thromboembolism [33]. Severe 
OSA is associated with insulin resistance and 
impaired glucose tolerance, conditions that are 
harbingers for diabetes. Additional hormonal 
effects include elevated serum leptin, which is 
associated with weight and satiety regulation, as 
well as respiratory control [9, 34]. OSA is asso-
ciated with an increased risk of workplace acci-
dents and motor vehicle collisions [35, 36]. 
Special attention should be paid to patients in 
high-risk occupations, particularly those in 
transportation or heavy industry, where acci-
dents due to excessive sleepiness can have 
severe consequences both for the patient and 
public.

OSA has been linked with a variety of cardio-
vascular risk factors and endothelial dysfunction. It 
is associated with increased risks of congestive 
heart failure and cerebrovascular disease [37]. In 
severe cases, patients can develop cor pulmonale. 
There is a strong correlation between the severity 
of OSA and hypertension that is independent of 
obesity [38, 39]. An increase in the apnea- hypopnea 
index (AHI) (see definition below) by one event/
hour increases the odds of hypertension by 1%. 
[38] OSA is associated with cardiac arrhythmias, 
particularly atrial fibrillation and supraventricular 
tachyarrhythmias [40–43]. Whether OSA is inde-
pendently associated with ischemic heart disease 
remains controversial [44]. However, there is evi-
dence that OSA, particularly when more severe, is 
associated with coronary artery disease and 
decreased survival (Fig. 10.5) [45–48].
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Fig. 10.5 Probability of survival in patients with different severities of OSA as measured by AHI. (Reproduced with 
permission from [48])
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 Diagnosis and Classification of OSA

The criterion for diagnosis and severity of OSA 
most often used is the AHI. An apnea is cessation 
(≥90% reduction) of airflow for a minimum of 
10 seconds. An event is considered obstructive if 
there is continuing respiratory effort during the 
apnea. A hypopnea has variable definitions. This 
chapter will use the definition suggested by the 
American Academy of Sleep Medicine; a hypop-
nea is a decrease in airflow by 30% for ≥10 sec-
onds associated with arterial oxygen desaturation 
of ≥3% measured by oximetry [49].

An AHI of ≥5 is considered abnormal. An 
AHI ≥ 5 associated with symptoms of obstruc-
tive sleep apnea is diagnostic of OSA (Table 10.2). 
Severe OSA is most often defined as an AHI >30 
(Table 10.3); however there is some controversy 
surrounding this definition [50, 51]. The reader 
should be aware that other markers of severity 
include, but are not limited to, the nadir arterial 
oxygen saturation, as well as length and pattern 
of desaturations. The study of OSA is a rapidly 
changing field, and these definitions are likely to 
change as our understanding increases.

Numerous screening tools have been devel-
oped to predict OSA in individuals referred for 

evaluation of SDB.  However, a diagnosis of 
SDB, particularly OSA, should be suspected in 
every patient referred for bariatric surgery. 
Several studies have demonstrated that the 
prevalence of OSA is between 70% and 80% in 
the bariatric surgery population [52–54].

The evaluation for OSA should begin with a 
detailed clinical and sleep history. A patient 
should be interrogated about snoring, witnessed 
apneas, and nocturnal gasping. Often, it is helpful 
to ask the patient’s bed partner these questions as 
many patients themselves may be unaware. 
Psychiatric and cognitive disturbances, such as 
depression and decreased ability to concentrate 
or remember, are classic symptoms of OSA.  A 
comprehensive evaluation should include an esti-
mate of total sleep time, questions about insom-
nia, and reasons for waking (e.g., nocturia). 
Daytime sleepiness should be quantified by a 
standardized tool, such as the Epworth Sleepiness 
Scale, seen below (Fig. 10.6) [29]. A score of 11 
or more indicates abnormal daytime sleepiness. 
A history of conditions associated with OSA 
including hypertension, cerebrovascular disease, 
and motor vehicle accidents should be sought.

Physical examination is also important in the 
assessment. Increased neck circumference (≥16 
inches in women, ≥17 inches in men) also increases 
the risk of OSA. Oropharyngeal crowding due to 
obesity, macroglossia, an oversized uvula, or ton-
sillar hypertrophy increases the risk of OSA. This 
is reflected in the Mallampati score, which has 
been shown to be an independent predictor of both 
presence and severity of OSA [55]. Retrognathia, 
micrognathia, and nasal abnormalities, including 
polyps, septal deviation, or turbinate hypertrophy, 
are also implicated. However, these conditions do 
not improve with bariatric surgery.

Those at high risk of OSA should have objec-
tive confirmation of disease presence and sever-
ity. The American Academy of Sleep Medicine 
(AASM) recommends that objective determina-
tion of OSA severity is necessary to determine 
appropriate management [29]. Two types of test-
ing are endorsed: the polysomnogram (PSG) and 
the home sleep apnea test (HSAT), also known as 
the portable monitor (PM). The PSG is an in- 
laboratory, supervised overnight study where the 

Table 10.2 Symptoms of OSA

Symptoms of OSA
Excessive daytime sleepiness
Choking or gasping during sleep
Unrefreshing sleep
Recurrent awakenings from sleep
Witnessed apneas
Daytime fatigue
Impaired concentration
Cognitive deficits
Depression/mood changes
GERD
Morning headaches

Table 10.3 Severity of OSA as determined by AHI

Severity of OSA
Classification AHI
Normal <5
Mild 5–15
Moderate 16–30
Severe >30
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subject is observed sleeping by a certified sleep 
technician. It is considered the gold standard for 
diagnosis [29, 56].

The attended PSG is a complex and costly test 
that monitors several physiologic and mechanical 
parameters throughout sleep. Electroencephalo-
graphy (EEG), electrooculography (EOG), mus-
cle activity, airflow, oxygen saturation, respiratory 
effort, and cardiac rate and rhythm are all simul-
taneously monitored under direct observation by 
a trained sleep technologist. It is recommended 
that the results are summarized and interpreted 
by a certified sleep physician. SDB is a common 
concern, and many areas have limited PSG capac-
ity. Wait lists for diagnosis of OSA can be lengthy. 
A Canadian study demonstrated that OSA 

patients may wait up to 11.6  months and 
16.2 months for initiation of medical or surgical 
treatment, respectively [57].

HSAT is a useful alternative to the PSG for the 
diagnosis of suspected OSA, particularly when 
there is a high pretest probability of 
 moderate-to- severe disease [29, 56]. The HSAT 
records fewer physiologic variables. At a mini-
mum, it should record airflow, respiratory effort, 
and oxygen saturation. Its accuracy is affected by 
comorbid sleep disorders or major comorbid 
medical disorders. Exclusion of significant car-
diopulmonary, vascular, and neurological comor-
bidities is necessary. These tests do not measure 
EEG and cannot reliably determine when the 
patient is sleeping. Consequently, they generally 

How Sleepy Are You?

Situation Chance of Dozing

Sitting and reading

Watching TV

Sitting inactive in a public place (e.g., a theater or 
a meeting)

As a passenger in a car for an hour without a break

Lying down to rest in the afternoon when 
circumstances permit 

Sitting and talking to someone

Sitting quietly after a lunch without alcohol

In a car, while stopped for a few minutes in traffic

Total Score =

How likely are you to doze off or fall asleep in the following situations? You should rate your chances 
of dozing off, not just feeling tired. Even if you have not done some of these things recently try to 
determine how they would have affected you. For each situation, decide whether or not you would
have:

Write down the number corresponding to your choice in the right hand column. Total your score below.

•  No chance of dozing   =0
•  Slight chance of dozing  =1 
•  Moderate chance of dozing =2 
•  High chance of dozing  =3

Fig. 10.6 Epworth sleepiness scale
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underestimate the severity of SDB. They are not 
recommended for patients with moderate-to-
severe pulmonary disease, neuromuscular dis-
ease, and congestive heart failure and those with 
a comorbid sleep disorder.

 Treatment

OSA is a chronic disease and should be managed 
in a multidisciplinary manner. Therapy should 
always include behavioral and lifestyle modifica-
tion. This includes diet, exercise, and weight loss. 
Patients should also be advised to avoid sedating 
medications and alcohol, particularly at night-
time. These interventions rarely lead to complete 
OSA remission but should always be promoted 
[58]. A systematic review and meta-analysis con-
firmed that lifestyle interventions are effective at 
reducing OSA severity as measured by AHI [59].

CPAP is considered the mainstay therapy for 
OSA. When used properly, CPAP can be curative. 
[29]. CPAP utilizes a pressurized hose and upper 
airway interface (facemask or nasal cannula) to 
pneumatically splint open and stabilize the airway 
throughout the respiratory cycle during sleep. 
Since CPAP became widely available in the 1980s, 
its major limitation has been patient compliance. A 
patient is considered to be compliant if they use 
their CPAP for ≥4  hours nightly for ≥70% of 
nights [60]. However, reality often falls far short of 
this goal. A review found that 29–83% do not use 
CPAP for 4  hours [61]. Twelve–25% of patients 
will entirely abandon CPAP within 3  years [62]. 
This has led to the development of alternative 
modalities of treatment. Alternatives and adjuncts 
include medications, positional therapies, exercise 
regimes to strengthen the upper airway, oral appli-
ances, upper airway surgery, tracheostomy, and, 
sometimes as a last resort, bariatric surgery. Several 
experimental therapies are also in development, 
including a variety of upper airway muscle 
stimulators.

Bariatric surgery is an effective means to pro-
mote and maintain weight loss [63]. 
Consequently, it can be a very effective thera-
peutic option for the treatment of OSA. A 2004 
meta-analysis of outcomes in bariatric surgery 

demonstrated that SDB is the most responsive 
obesity-related pathology [63]. Several reviews 
have demonstrated a marked reduction in noctur-
nal respiratory events following bariatric surgery 
[64, 65]. When compared to nonsurgical weight 
loss, bariatric surgery is more effective at reduc-
ing both BMI and AHI [66]. A systematic review 
of 13 900 patients with OSA who underwent 
various bariatric procedures demonstrated that 
75% had an improvement in their AHI. However, 
only 4% had complete resolution of OSA 
(AHI < 5). For this reason, bariatric surgery is 
considered an adjunctive therapy [29]. Despite 
marked weight loss in patients following suc-
cessful surgery, the body of evidence indicates 
that the majority have an elevated (but improved) 
AHI or RDI following recovery from bariatric 
surgery [63, 64]. A meta- analysis by Buchwald 
quotes resolution of OSA symptoms in 85.7% of 
bariatric surgery patients [63]. However, only 
the minority of studies included in this analysis 
objectively quantitated respiratory disturbances 
following surgery. PSG analysis following sur-
gery demonstrates that 62% of patients have a 
residual AHI of ≥15, which would be character-
ized as moderately severe OSA. Although OSA 
may improve following surgery, patients should 
first be offered a noninvasive alternative. Most 
patients will still require CPAP following bariat-
ric surgery [67]. This remains the case several 
years after surgery, despite the bariatric patient 
experiencing marked weight loss. A randomized 
controlled trial that compared conventional 
weight loss to bariatric surgery demonstrated 
that after 2 years, despite a significant sustained 
improvement in BMI in the surgical patients, the 
AHI were similar in two groups [68]. Another 
smaller trial had similar findings [69]. These 
studies highlight the importance of continuing 
conventional therapies for the management of 
OSA postoperatively, over the long term, regard-
less of weight loss. Following significant weight 
loss (≥10%), objective testing to determine OSA 
severity and for appropriateness of prescribed 
CPAP is necessary. The AASM recommends a 
follow-up sleep study be performed on any bar-
iatric patient in whom moderate- to-severe OSA 
existed preoperatively. [29]
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 Perioperative Management of Sleep 
Apnea and Sleep-Disordered 
Breathing

Perioperative risk is higher in those with OSA 
compared to other subjects undergoing a wide 
range of surgical procedures [70–72]. The bar-
iatrician’s expectation should be that their 
patient has OSA of some severity. Screening 
tools for OSA, such as the Berlin Questionnaire, 
STOP- BANG score, and Sleep Apnea Clinical 
Score, were not validated in patient populations 
being evaluated for bariatric surgery [73–75]. 
Nonetheless, some experts suggest using them 
as a screening tool in bariatric populations [31]. 
There is a vigorous debate in which specific 
screening tests or specific preoperative care is 
necessary for SDB in patients referred for bar-
iatric surgery.

Existing recommendations regarding periop-
erative care are largely based on expert opinion, 
which are variable. Some suggest that all patients 
being evaluated for bariatric surgery should be 
screened using an objective sleep study (PSG or 
HSAT) to determine presence and severity of 
OSA [76–81]. Others suggest the selective use of 
PSG only in circumstances where there is objec-
tive evidence of cardiac or pulmonary disease 
[82, 83]. Others disagree that every patient should 
be screened because of the relatively low periop-
erative complication rates seen in bariatric sur-
gery in general. There is no evidence to suggest 
that preoperative PSG decreases the complica-
tion rate. A commonly seen complication, post-
operative oxygen desaturation, may not be 
clinically significant [84]. What is not controver-
sial is that those with significant comorbidities, 
such as right or left heart failure, pulmonary 
hypertension, and hypercapnia, should be studied 
with PSG preoperatively [31].

Patients with confirmed OSA awaiting bariat-
ric surgery should have their SDB treatment opti-
mized prior to surgery. Those with 
moderate-to-severe OSA are at highest risk for 
perioperative complications, especially if the 
patient is still symptomatic (daytime tiredness, 
hypercapnia) or if there has been excessive recent 
weight gain. Evaluation may include a repeat 

PSG, HSAT, or consultation with a sleep special-
ist. Patients should be screened for concomitant 
OHS, as daytime hypercapnia is associated with 
adverse perioperative outcomes. An arterial 
blood gas while awake can be used to screen for 
hypercarbia (PaC02  >  45  mmHg). A metabolic 
alkalosis (HC03  >  27  mmol) that is otherwise 
unexplained is also a relatively sensitive indicator 
of OHS [85].

The pathophysiology of OSA itself can be 
exacerbated at several stages during surgery. 
Medications, most notably sedatives, opioids, 
anesthetics, and paralytics, can reduce upper air-
way tone, increasing the likelihood and severity 
of apneic events. Furthermore, these agents 
depress central respiratory drive and may inhibit 
the protective arousal response. Complications 
from intubation, most notably laryngeal edema or 
tracheal stenosis, can further compromise an 
already tenuous airway. Positioning a patient 
supine, the position where OSA is worst, can also 
exacerbate OSA. Fluid administration during sur-
gery can cause pharyngeal edema further com-
promising the upper airway. Lastly, many patients 
neglect to inform their clinicians that they have 
OSA and consequently forget to bring their thera-
peutic devices (CPAP, bi-level positive pressure, 
oral appliances) to hospital.

Surgical risk is also increased by conditions 
associated with OSA, such as pulmonary arterial 
hypertension, metabolic syndrome, arterial 
hypertension, and coronary artery disease. 
Hypoxemia due to OSA, particularly when 
untreated, can cause cardiac arrhythmias. A 
meta-analysis of 3942 patients showed that OSA 
patients are two to four times more likely to expe-
rience postoperative oxygen desaturations, respi-
ratory failure, or adverse cardiac events or require 
ICU admission [70]. Not surprisingly, bariatric 
patients with OSA are at increased risk of pro-
longed hospitalization, with consequently 
increased healthcare costs [86]. They have an 
increased risk respiratory compromise during 
sedation. These concerns highlight why numer-
ous experts continue to advocate for the need to 
screen bariatric patients to determine the severity 
of OSA.  With respect to postoperative care, 
expert opinion advises continuous monitoring on 
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a designated surgical or medium care unit, par-
ticularly when patients are known to have moder-
ate or severe OSA. In the absence of complications, 
routine ICU admission is not necessary [31].

Bariatric surgery patients represent a high-risk 
surgical group. However, it is important to note 
that OSA does not confer additional risk above 
that of the bariatric patient without a formal diag-
nosis of SDB [76, 77, 87]. A meta-analysis of 13 
studies with 98 935 patients compared periopera-
tive outcomes in bariatric surgery patients with 
confirmed OSA to those without a formal diag-
nosis. Morbidity rates ranged from 0 to 25% but 
were similar in each group. There was no 
increased risk of cardiopulmonary morbidity, 
intensive care utilization, mortality, or length of 
stay after bariatric surgery for those with a his-
tory of OSA [77]. It is important to note that this 
study did not analyze preoperative care; those 
with diagnosed OSA may have received preop-
erative optimization of SDB prior to surgery.

There has been debate on whether CPAP 
should be administered following bariatric sur-
gery. Concerns of anastomotic complications by 
positive airway pressure causing digestive tract 
distention have been reported [88]. However, 
several reviews of large patient cohorts, particu-
larly those undergoing Roux-en-Y gastrectomy, 
suggest that it is safe and advisable [89, 90]. If 
positive pressure is omitted, early ambulation and 
incentive spirometry are critical [91].

Our understanding of obesity and its conse-
quences for the respiratory system has increased 
substantially. It is clear that further research is of 
paramount importance given the global epidemic 
of obesity. Bariatric surgery is one of the most 
effective means of reversing the deleterious 
effects of excess fat on pulmonary function and 
OSA. The pathophysiology of OSA is complex, 
requiring an understanding of physiology, upper 
airway mechanics, and neurohormonal interplay. 
Perioperative identification and optimization of 
patients with OSA is important prior to bariatric 
surgery. Though usually not curative, OSA can 
improve considerably after bariatric surgery. As 
bariatric surgery rates increase, it will be impor-
tant to monitor the outcomes in this interesting 
patient group.
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The Superobese Patient

Michel Suter

 Introduction and Definition

Like cancer and other chronic and progressive 
medical conditions, obesity has traditionally 
been divided into different stages according to 
the severity of the disease. Although the World 
Health Organization (WHO) recognizes that 
BMI may not always express similar degrees of 
fatness between individuals, this organization 
defines obesity as abnormal or excessive fat accu-
mulation that may impair health, with a body 
mass index of 30 kg/m2 as a threshold [1]. The 
risks associated with obesity are continuous and 
increase with disease severity. WHO recognizes 
three classes of obesity according to the body 
mass index (BMI). Class 1 obesity refers to 
patients with modest obesity and a BMI between 
30 and 34.9 kg/m2, class 2 includes patients with 
a BMI between 35 and 39.9 kg/m2, and class 3 
refers to patients with a BMI ≥ 40 kg/m2. In the 
nonspecialized literature, the latter patients are 
offered referred to as massively obese, or 
extremely obese. In bariatric medicine, which 
essentially deals with patients in the WHO class 
2 and 3 categories, it is useful to further divide 
morbid obesity into more classes. This may be 

helpful in selecting patients for various bariatric 
procedures, for specific surgical approaches, for 
preoperative patient preparation and/or weight 
loss, etc. It is also useful to have categories 
encompassing patient groups that can reasonably 
be compared between each other both regarding 
risks, results of surgery, morbidity and mortality, 
or any other specific issue. The superobese 
patient is defined arbitrarily has having a 
BMI ≥ 50 kg/m2. Other terms are being used for 
even more severe sub-categories such as patients 
with BMI > 60 (super-super-obese) or above 70 
(mega-obese).

 Clinical Characteristics  
of the Superobese Patient

As stated above, the BMI does not necessarily 
reflect the same amount of excess fat in different 
individuals, since BMI is related to total weight 
and not only fat mass. Defining the severity of 
obesity according to BMI classes in fact can be 
profoundly misleading. Indeed, some patients in 
the low BMI range are very sick, with severe 
metabolic syndrome, poorly controlled diabetes, 
coronary artery disease, and other severe comor-
bidities, while other superobese patients seem to 
be perfectly healthy apart from their massive 
overweight, with virtually no or only mild comor-
bid condition(s). As BMI increases, however, the 
proportion of fat mass in body composition 
increases as well. In general, the heavier an 
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 individual, especially in the higher extreme 
ranges, the more excess fat he/she has accumu-
lated. As for every obese individual, excess fat 
may or may not be associated with a variety of 
conditions, and this depends among other factors 
from fat distribution. In general, central visceral 
fat is far more toxic than peripheral subcutaneous 
fat. Central, or visceral, obesity causes a chronic 
inflammatory state that can affect almost every 
organ system. Even in favorable cases, super-
obese patients have more visceral fat and there-
fore are at higher risk to develop severe 
obesity-related complications, especially of met-
abolic nature, such as dyslipidemia, type 2 diabe-
tes, hypertension, fatty liver disease, and all 
components of the metabolic syndrome. 
Increasing obesity also affects the respiratory and 
cardiovascular systems. Massive obesity reduces 
both static and dynamic lung function parameters 
and promotes left ventricular concentric hyper-
trophy and dilatation. Indeed, it has been shown 
that superobese patients have higher left ventric-
ular mass than less obese patients, with higher 
left ventricular and left atrial volumes, despite 
similar ejection fractions [2]. Insulin resistance is 
also higher in superobese patients [2], and type 2 
diabetes is more prevalent [3]. Superobese 
patients more often present with the obesity- 
related hypoventilation syndrome and dyspnea 
[3, 4], and the sleep apnea syndrome is more 
common in these individuals. Studies have shown 
that the hypopnea/apnea index increases linearly 
with the BMI [5, 6]. Functional limitation related 
to osteoarthritis is more severe in superobese 
than in less obese patients [7]. Superobesity has 
been shown to increase obstetric risks. 
Preeclampsia and macrosomia are more preva-
lent during pregnancy, and there is an increased 
need for cesarean sections for delivery [8]. 
Superobesity has also been shown to increase 
risks and/or costs in various types of surgery, 
including joint replacement surgery [9, 10] and 
bariatric surgery, especially with an open 
approach [11, 12], although this role has been 
challenged in recent laparoscopic series [13–16]. 
Even if surgery-related morbidity is not increased 
per se in the superobese, complications in this 
group of patients are poorly tolerated due to very 

limited physiological reserves, which may lead to 
prolonged intensive care unit stay and longer 
time on mechanical ventilation [17].

 Evaluation of the Superobese 
Patient Before Bariatric/Metabolic 
Surgery

Superobese patients are complex with often mul-
tiple etiological factors, including genetics, for 
their obesity. Any patient presenting or referred 
for possible bariatric surgery must be screened in 
details by a specialized multidisciplinary team, 
and this applies particularly to the superobese. 
Superobese patients have often been severely 
obese for many years. This long-standing condi-
tion, together with its greater severity, is likely to 
already have a significant impact on many organ 
systems. All possible obesity-related comorbidi-
ties must be looked for. Those that may affect 
operative and perioperative risks or the choice of 
a bariatric operation, like cardiovascular and 
respiratory status, or severe metabolic abnormali-
ties, are of particular importance. The nutritional 
status must be assessed very carefully, since 
superobese patients paradoxically are particu-
larly prone to multiple micronutrient deficien-
cies. Treatment for obesity-related comorbidities 
or any other medical condition that may affect 
surgical outcome must be optimized before sur-
gery, and nutritional deficiencies must be cor-
rected in order to minimize surgical risks.

Preoperative evaluation should also focus on 
all potential factors that play a role in the develop-
ment/maintenance of extreme obesity and espe-
cially those that are deemed modifiable. The 
social and family environment needs to be 
assessed, and eating habits must be carefully eval-
uated. Identifying psychological issues related to 
extreme obesity, and possible issues that might 
result from massive weight loss, is important. 
These problems need to be addressed appropri-
ately, and special needs for postoperative psycho-
logical support must be recognized. Identifying 
eating disorders (emotional eating, stress eating, 
night eating, etc.), and poor dietary choices, and 
addressing them aggressively with the help of 
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dieticians and psychologists are of paramount 
importance before surgery. If left untreated, they 
will negatively impact the results of any bariatric 
procedure, especially in the long term. Patients 
must be made aware of the fact that Roux-en-Y 
gastric bypass (RYGB), while being extremely 
powerful, remains merely a tool that will help 
them eat less by reducing hunger, increasing sati-
ety, and inducing some mechanical restriction. 
They must understand that RYGB by no way will 
prevent them from eating too much (more calories 
than they spend), or too often, or from making 
poor dietary choices and drinking high caloric 
beverages. Patients therefore must be carefully 
instructed about the type of diet they should fol-
low after surgery and in the long term. Because 
they are more limited from a physical point of 
view, and often do very little physical activity, if 
any, superobese patients need to be instructed 
about the importance of progressively increasing 
their physical activity during the weight loss 
phase and the importance of maintaining a suffi-
cient level of physical activity, and its role in 
weight maintenance thereafter. Superobese 
patients, like all bariatric individuals, must be 
instructed about the likely need for life- long nutri-
tional supplementations, the absolute necessity of 
a specialized follow-up, and especially the rea-
sons behind it. They need to be informed about 
the standard follow-up scheme and be made aware 
that deviations from the latter are possible accord-
ing to postoperative evolution. They must realize 
the chronic character of their condition, the risks 
for weight regain and/or recurrence of comorbidi-
ties over time, and understand that they can seek 
help from members of the multidisciplinary team 
at anytime according to their needs.

As superobese individuals have very limited 
physiological reserves, preoperative evaluation 
from an anesthetist perspective is essential so that 
intra- or postoperative problems can be antici-
pated. This may require extensive cardiovascular 
of pulmonary work-up. C-PAP treatment must be 
initialized several weeks before surgery in 
patients with severe sleep apnea syndrome so that 
the machine can be fine-tuned according to the 
patient’s needs and they can adjust to it. Severe 
obesity-related hypoventilation syndrome needs 

to be recognized, as this is likely to worsen dur-
ing surgery in supine position, especially under 
the conditions of laparoscopy with pneumoperi-
toneum and increased intra-abdominal pressure. 
Evaluation by a cardiologist is sometimes 
required, even in asymptomatic patients, espe-
cially in patients with long-standing diabetes. 
Individuals with severe ventricular dysfunction 
may require special intraoperative monitoring. 
For patients with foreseeable difficulties, a criti-
cal care facility must be available for the immedi-
ate postoperative period.

Patients in the superobese category often have 
massive skin folds and not unusually present with 
intertrigo and chronic inflammation in various 
areas. This also causes difficulties with personal 
hygiene. Preoperative care of such areas is impor-
tant to minimize the risks for postoperative infec-
tions. Also, since these patients are likely to 
develop massive, and sometimes really debilitat-
ing, skin folds after weight loss, they can benefit 
even before they undergo bariatric surgery from 
the expertise and counseling of a well-trained 
plastic surgeon.

 Choice of Procedure

Although the topic of the present book is Roux- 
en- Y gastric bypass, a chapter dedicated to the 
superobese patient failing to at least discuss this 
issue would be out of scope. Indeed, it has been 
repeatedly shown that RYGB-associated weight 
loss, expressed as excess weight loss or excess 
BMI loss (with BMI = 25 accepted as ideal weight), 
is less in superobese patients compared with less 
obese individuals. If one considers the percentage 
of total body weight loss, however, results of the 
various procedures do not differ much between all 
obesity classes [15]. Weight regain over the years is 
another issue that can be a problem after every bar-
iatric procedure and in all obesity classes. After 
RYGBP, weight regain has also been shown to be 
more important in more obese patients [18–20]. 
Altogether, insufficient weight loss or substantial 
weight regain may affect at least 40% of super-
obese patients after standard RYGBP. This has also 
been demonstrated, albeit to a lesser extent, after 
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biliopancreatic diversion [21]. Finally, since RYGB 
is a relatively complex bariatric procedure, its risks 
are sometimes perceived as sky- scraping in high-
risk patients such as superobese individuals. In 
fact, some surgeons argue that some superobese 
patients, if not all of them, could/should benefit 
from a two-stage approach. In the latter, the first 
stage consists of a sleeve gastrectomy, a procedure 
that many consider as relatively low- risk and sim-
ple, allowing for substantial initial weight loss and 
reduction of perioperative risk. During the second 
stage, a more efficient, but also more risky, proce-
dure can then be performed to ensure optimal 
weight loss and maintenance.

Several studies, including one randomized 
controlled trial, have shown that biliopancreatic 
diversion with duodenal switch (BPD-DS) pro-
vides greater weight loss and better weight main-
tenance than RYGB in the superobese patient, at 
the expense of increased perioperative morbidity 
as well as long-term morbidity [19, 22, 23]. If 
weight loss and/or control of comorbidities are 
the main issue, all other factors being equal, it 
seems reasonable to prefer BPD-DS over 
RYGB.  If on the contrary safety is essential, 
RYGB or sleeve gastrectomy (SG) seem prefera-
ble. In fact, many would currently argue that SG 
is the best option. The current literature, however, 
lacks long-term results of SG, both in general and 
in this particular group of patients, to support this 
view. Because of these potential differences in 
outcomes, the choice of surgical procedure must 
be discussed in details with the patient who 
should have his/her say in the decision process, 
unless there is a clear contraindication to one or 
the other options. Since malabsorptive surgery 
carries additional risks of nutritional deficiencies, 
including protein malnutrition, it seems appropri-
ate, however, to offer the latter only to very com-
pliant patients who accept the intensive follow-up 
program and the multiple long-term nutritional 
supplementations that this kind of procedure 
requires. Performing a SG first allows for pro-
longed observation of the patient and his/her 
overall behavior after the first operation. It also 
avoids performing procedures with a high risk of 
severe nutritional complications in poorly com-
pliant patients.

 Preoperative Preparation 
of the Patients

As already mentioned, treatment of comorbidi-
ties should be optimized before surgery, and 
nutritional deficiencies need to be corrected. 
Patients with massive obesity may benefit from 
preoperative weight loss in order to reduce opera-
tive difficulties as well as perioperative risks.

While many superobese patients can undergo 
surgery without specific difficulties, with reason-
able risks and an operative morbidity similar to 
that observed in less obese patients, risk- reduction 
strategies can be necessary, and are sometimes 
mandatory, in patients with very high BMIs, or in 
patients with very severe cardiorespiratory 
comorbidities. The latter may benefit from preop-
erative weight loss in order to make them more 
easily transportable, to facilitate intraoperative 
management by the anesthetist as well as surgical 
exposure, and sometimes only to make surgery 
possible. In these extreme cases, though, a sig-
nificant amount of preoperative weight loss is 
necessary, without which surgery carries prohibi-
tive risks or is simply not possible. In many other 
patients, preoperative weight loss is helpful 
mostly for risk reduction. This may require pro-
longed supervised very low-calorie diet, or even 
inpatient low-calorie diet [24, 25]. Very low- 
calorie diet has been shown to help reducing peri-
operative morbidity after RYGB [26]. The use of 
a temporary intragastric balloon has also been 
demonstrated as effective in diminishing periop-
erative morbidity [27]. In a recent multicenter 
trial comparing intragastric balloon therapy with 
standard medical care in superobese patients 
before RYGB, however, there was no difference 
in perioperative outcomes between the two 
groups, despite the fact that mean weight loss 
was significantly greater in the balloon group 
[28]. Intragastric balloons can be followed by a 
variety of complications, and this risk must be 
balanced against the risks of the same surgical 
procedure performed in a slightly heavier patient. 
Preoperative weight loss strategies may imply a 
significant delay of several months since indica-
tion for surgery is confirmed and the procedure 
itself can be carried out. In order to ensure opti-
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mal compliance, patients need to be informed 
about why this is necessary.

Superobese patients very often have fatty liver 
disease. An extremely enlarged liver can occa-
sionally make any type of surgery completely 
impracticable, but most often makes surgery 
more difficult and challenging. A large liver is 
difficult to retract efficiently and is prone to 
bleeding because of its fragile consistency. This 
results in poor visual exposure and consequently 
technical difficulties during surgery, especially 
RYGB, notably during creation of the gastric 
pouch and confection of the gastrojejunostomy. 
Short-term induced preoperative weight loss 
using low-calorie diet has been shown to improve 
surgical exposure due to a significant reduction 
of the liver volume. In a study using a 9-week 
low-calorie diet, Collins et al. have shown a sig-
nificant reduction not only in weight but also in 
subcutaneous abdominal fat, in visceral adipose 
tissue, along with an 18% reduction in liver vol-
ume [29]. Sekino et al. have shown that the maxi-
mal effect on liver size is obtained after only 
2–4 weeks [30]. We currently advise every bariat-
ric patient to follow a very low-fat/low- 
carbohydrates diet during 2 weeks before surgery 
and 3 weeks in the superobese.

 Special Requirements for 
the Superobese Patient

Facilities where superobese patients are treated 
must be equipped with appropriate furniture 
(beds, chairs, etc.) that accommodates these 
patients easily and safely, both on the regular 
ward and in the intensive care unit. Restrooms 
must be wide enough, with solid toilets, ideally 
floor-mounted, that can sustain the heaviest 
patients. Special equipment for patient transfer 
may be required.

The entire setting of the operating room must 
be friendly to the superobese patient. The opera-
tive table must be able to sustain weights up to 
350  kg in all positions, included deep reverse 
Trendelenburg. It also needs to be wide enough. 
As superobese patients are also very thick, the 
operative field is higher than in less obese 

patients, especially in males with abdominal obe-
sity. The operative table must therefore be adjust-
able in height to a very low position so that the 
surgeon can operate comfortably without the 
need to stand on a step. If a stool is required, it 
must be wide enough to accommodate not only 
the surgeon but also the pedals he might need to 
activate surgical instruments like electrocoagula-
tion or suction. Special mattresses or gel cush-
ions should be used to secure the patient on the 
operative table and to prevent pressure sores and 
rhabdomyolysis. Rhabdomyolysis is more com-
mon in superobese patients and can develop even 
after an operation of relatively short duration, 
typically less than 2 hours. The thickness of the 
subcutaneous fat layer in some superobese 
patients can interfere with the establishment of 
pneumoperitoneum and placement of trocars. It 
can cause increased torque during surgery and 
increased fatigue to the surgical team. 
Intraoperative exposure is often more difficult 
because of increased intra-abdominal fat and 
liver size. Furthermore, tissues are often very 
fragile and prone to oozing during manipulation. 
This requires extreme softness during tissue han-
dling and may require special instrumentation, 
with longer trocars and surgical instruments. 
Additional trocars should be used liberally, as 
they can greatly facilitate movements, speed up 
the procedure, and improve safety. Additional 
5  mm trocars are very well tolerated and leave 
scars that are barely visible in the long term. 
Insufflation can be a problem in the superobese, 
especially in patients with a massive abdominal 
apron that falls between the legs. This may 
require special support to the abdominal wall and 
possibly a second insufflator.

 Aftercare in the Superobese Patient 
Population

Superobese patients require close follow-up by 
the multidisciplinary team just as any other bariat-
ric patients. Dietary counseling and psychological 
support can be very important in this fragile group 
of individuals, notably during the rapid weight 
loss phase. Once they have stabilized their weight, 
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they need to be referred to plastic surgery for con-
sideration of body contouring and reconstructive 
surgery, since massive skin folds are often impair-
ing functionality.

As mentioned earlier, superobese patients are 
more prone than less obese individuals to impor-
tant weight regain. To prevent this, dietary sup-
port is essential, but increasing physical activity 
is even more important. These patients must be 
encouraged to exercise on a daily basis, and sup-
port by physiotherapist or other types of coaches 
may be beneficial. Group exercising is often of 
great help and can help with patient motivation.

 Conclusions

Superobese patients often have more obesity- 
related comorbidities and are therefore at increased 
risk for bariatric/metabolic surgery. Furthermore, 
surgery in these individuals is often more difficult 
from a technical point of view, with difficulties 
establishing pneumoperitoneum, manipulating 
laparoscopic instruments, and getting adequate 
exposure during the procedure. Preoperative work-
up is of paramount importance. Preoperative prep-
aration of the patient according to its findings and 
preoperative weight loss are necessary steps to 
ensure optimal patient outcomes. From a logistical 
point of view, special equipment and adapted sur-
gical instruments must be readily available. These 
procedures should only be performed by very 
experienced bariatric surgeons, and anesthesia 
must be conducted by experienced bariatric anes-
thetists. Postoperative care requires involvement 
of multiple specialists, including plastic surgery 
once weight has stabilized.
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Airway Evaluation 
and Management
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 Introduction

Proper handling of the airway and alveolar venti-
lation is essential for anesthesia in any patient 
population. In obese patients, ensuring airway 
patency is challenging and involves not only 
anesthesia induction time but also the entire pro-
cess of anesthesia, including awakening and the 
post anesthetic recovery period. Obese patients 
are more susceptible to adverse ventilatory events 
during the entire perioperative period [1].

The advent of gastric bypass surgeries has 
caused anesthesia in obese patients to become 
more frequent, and numerous publications on the 
subject have emerged. This fact has led to a better 
understanding of the anatomical and physiologi-
cal peculiarities of obese patients and their reper-
cussions in the perioperative period. Improved 
knowledge about the pharmacokinetic and phar-
macodynamic aspects of anesthetics and practi-
cal training for an obese population has permitted 
anesthesiologists to improve their clinical skills 
to overcome most difficulties in handling the air-
way and ventilation in this population.

The ASA Closed Claims 2005 [1] found that 
the airway-related and respiratory complica-
tions were more frequent in obese patients, 
especially during extubation. The 2011 NAP4 

(National Audit Project of The Royal College of 
Anesthetists and The Difficult Airway Society) 
in the United Kingdom also found that compli-
cations related to supraglottic airway devices 
(SGD) were four times more frequent in obese 
patients [2].

The American Society of Anesthesiologists 
(ASA) defines a difficult airway (DA) as a clini-
cal situation in which a conventionally trained 
anesthesiologist experiences difficulty with face-
mask ventilation, difficulty with tracheal intuba-
tion, or both [3]. Difficulty with use of supraglottic 
airway devices (SGD), such as laryngeal masks, 
was also described in the same guideline. 
Considering this guideline of the ASA, many 
morbidly obese patients may have an airway 
management-related problem, as obesity is an 
independent risk factor for difficult ventilation.

 Respiratory and Airway Changes 
in the Obese Population

The main respiratory obesity changes are due to 
the accumulation of adipose tissue in the chest 
wall, diaphragm, abdomen (visceral and abdomi-
nal wall), and in tissues adjacent to the upper air-
way, such as walls of the pharynx, tongue, uvula, 
tonsillar pillars, and tonsils [4–6].

Thoracic and abdominal fat accumulation 
are responsible for decreased thoracic com-
pliance and consequent restrictive ventilatory 
 disturbances, characterized in the obese by 

A. T. Fernandes (*) · M. P. Cerqueira 
G. O. Campos
Department of Anesthesiology,  
São Rafael Hospital, Salvador, Brazil

12

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-28803-7_12&domain=pdf


100

decreased functional residual capacity (FRC). 
The residual volume (RV) usually remains nor-
mal in the obese, and decreased FRC is due 
to a decreased expiratory reserve volume. The 
sharp reduction in FRC when approaching the 
residual volume can trigger the early closure of 
distal airways in the dependent lung areas, with 
uncoupling of the ventilation-perfusion and 
hypoxemia [5].

The closure of distal airways resulting from 
decreased FRC, which mainly occurs in a 
supine position, can limit the expiratory flow 
and cause air trapping in dependent alveoli, and 
this causes the appearance of regional hyperin-
flation and positive pressure at the end of the 
expiration or intrinsic PEEP (PEEPi), which 
invariably increases respiratory work [7]. The 
use of CPAP may abolish PEEPi and thus 
decrease respiratory work.

Obese patients have higher oxygen con-
sumption and increased carbon dioxide produc-
tion compared to nonobese patients. This is due 
to increased basal metabolic activity caused by 
the large volume of adipose tissue, which pro-
motes increased alveolar ventilation with the 
consequently increased work of breathing. 
Other factors contribute to increased work 
when breathing, such as reduction of the tho-
racic and abdominal compliance, and increased 
ventilatory drive by the presence of neurohu-
moral stimuli, such as leptin hormone, which is 
elevated in the obese [7].

Obesity can cause dynamic obstruction of 
the upper airway during sleep and obstructive 
sleep apnea (OSA). The prevalence of OSA is 
high in morbidly obese individuals, and the 
prevalence is even higher in morbidly obese 
men (in the United States, the prevalence ranges 
from 79.5% to 82.8% in men and 43.0% to 
67.9% in women) [8]. In the nonobese popula-
tion, the average prevalence is one-third of that 
found in obese patients. OSA is characterized 
by episodes of apnea and hypopnea (partial 
stoppage or a decrease in airflow despite respi-
ratory efforts against a closed glottis) of 10 sec-
onds or more, and these episodes occur 
repeatedly during sleep causing oxygen desatu-
ration. The patency of the airway at the pharynx 

is dependent on transmural pressure. The con-
tinued opening of the oropharynx is guaranteed 
by the contraction of the palatine tensor muscle, 
genioglossus, and the muscles of the hyoid 
bone. The inspiratory diaphragmatic contrac-
tion promotes negative pressure in the orophar-
ynx and contributes to its collapse. During 
sleep, and also under an anesthetic effect, the 
pharyngeal muscles are relaxed, and the great 
mass of peripharyngeal and subcutaneous fat 
encountered in the obese causes an increase in 
extraluminal pressure, which leads to occlusion 
of the upper airway and collapse of the phar-
ynx. These airway changes explain why OSA is 
a disorder highly associated with obesity [4, 9].

 Obesity and Perioperative 
Hypoxemia

The increase in oxygen consumption, decreased 
functional residual capacity, and ventilation- 
perfusion mismatch caused by atelectasis con-
tribute to a higher incidence of perioperative 
hypoxemia, a shorter time to the onset of desatu-
ration at the induction of anesthesia and shorter 
available time for airway handling or a shorter 
“safe apnea period” [10]. An increased suscepti-
bility to postoperative hypoxemia with the use of 
opioid analgesics is also observed [4, 11].

 Obesity and Risk of Gastric Contents 
Aspiration

Prophylaxis with H2 blockers and prokinetics 
has been proposed since pioneering publica-
tions that included recommendations for bariat-
ric surgery, once obesity was considered a risk 
factor for regurgitation and gastric contents 
aspiration [12]. However, the literature is con-
troversial on this issue. There are more recent 
trials that have not identified delayed emptying 
of the stomach or even found faster gastric emp-
tying in the obese than in nonobese patients 
[13], and significant differences in the pH/gas-
tric volume set were not observed in obese 
patients compared to nonobese patients [14]. 
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Warner [15], in a retrospective study with over 
172,000 patients, also found no increased risk of 
obesity-related aspiration of the gastric con-
tents. Subsequently, Mahajan [16] identified 
lower pH and increased gastric volume, which 
was enough for greater risk of aspiration in the 
obese compared to nonobese patients undergo-
ing surgery. A good response to prokinetics and 
H2 blockers was also identified. Prophylaxis for 
morbidly obese patients who were candidates 
for surgery or patients with a body mass index 
(BMI) above 35 with comorbidities was then 
considered as necessary. We believe that the pre-
vention of aspiration with prokinetic and hydro-
chloric acid production blockers should always 
be considered for morbidly obese patients and 
for those with BMI >35 with comorbidities 
when undergoing surgery.

 Obesity and Difficult Airway (DA)

A difficult airway is a broad term that includes 
difficult intubation of the trachea, difficult mask 
ventilation, and, more recently, difficulty in 
supraglottic device ventilation [17]. However, 
other factors, such as higher propensity to 
hypoxic phenomena with little tolerance to apnea 
and the possible risk of gastric contents aspira-
tion, make the handling of difficult airways in 
this population a challenging task.

Dealing with airway-related problems com-
prises searching for the clinical predictors of a 
difficult airway and a strategic plan of actions to 
ensure safe and successful airway management. 
Some of these strategies have been published as 
algorithms. The first algorithm was published by 
the American Society of Anesthesiologists (ASA) 
in 1993. In 2005, a reduction in claims related to 
airway complications in the United States was 
observed [1], which was likely due to the publi-
cation of the ASA Difficult Airway Guidelines in 
1993. The most recent algorithm by the ASA was 
delivered in 2013 [3]. Subsequently, other anes-
thesiology societies published recommendations 
for the management of difficult airways, and 
among them, the Difficult Airway Society  – 
United Kingdom (DAS) is the most popular and 

most cited guideline [18]. The majority of airway 
guidelines is grounded in the consensus of the 
opinion of experts, since there are only a few 
controlled studies on the subject.

 Airway Evaluation in the Obese

The assessment of the airway begins by anamne-
sis. The history of difficult intubation or ventila-
tion is a major indicator of a difficult airway. 
Diseases related to the difficulty of cervical 
mobility, such as rheumatoid arthritis, ankylosing 
spondylitis, and diabetes mellitus, are associated 
with difficult laryngoscopy and intubation. 
Obstructive sleep apnea is a clinical condition 
that is an independent risk factor for difficulty 
with ventilation and intubation.

Although polysomnography is the final exam 
for the diagnosis of OSA, using the STOP-BANG 
questionnaire (Table  12.1) in the preanesthetic 
evaluation has high sensitivity and specificity, 
and as a simple tool, it is recommended in the 
preanesthetic evaluation of patients who have not 
had polysomnography performed [19, 20]. The 
presence of more than three criteria in the STOP- 
BANG questionnaire and OSA diagnosed by 
polysomnography is a predictor of difficult intu-
bation, difficult mask ventilation (DMV), and 
complications during extubation and postanes-
thetic recovery [20–22].

Table 12.1 The STOP-BANG questionnaire for detect-
ing a difficult airway

S Snoring More than three positive 
answers are associated with a 
difficult airway

T Tiredness during 
the day

O Observed 
respiratory pause

P High blood 
pressure

B Body mass index 
kg/m2 >35

A Age above 50
N Neck 

circumference 
>40 cm

G Gender – male sex

Adapted from Toshniwal et al. [20]

12 Airway Evaluation and Management



102

 Body Mass Index (BMI)

Although described in some studies [23], the 
association of higher BMI and difficult intuba-
tion is quite controversial. In some studies, 
BMI was not an independent risk factor for dif-
ficult intubation (DI), especially those that 
used the Cormack-Lehane classification as a 
criteria for DI [24, 25]. If care was taken to 
establish good positioning, there was no more 
difficulty in intubating obese patients [25]. 
Nevertheless, when evaluating the difficulty of 
mask ventilation, the degree of obesity (higher 
BMI) is often considered a major risk factor. 
Anatomical issues that lead to an increase in 
airway resistance and lower thoracic compli-
ance and diaphragmatic compression may 
explain this [21, 22, 26].

 Mallampati Classification (MP)

Mallampati classification, modified by Samsoon 
and Young [27], evaluates the oropharyngeal 
structures by inspection with the patient in maxi-
mum mouth opening, and this can be graded 
from 1 to 4, as shown in Fig. 12.1. In obese popu-
lation studies, patients with grade 3 or 4 MP have 
higher risk for DI [23, 25] and ventilation with a 
face mask [22].

 Neck Circumference (NC)

The NC should be measured at the level of the 
thyroid cartilage. In obese patients, the NC is 
considered important criteria for DI according to 
several studies. It is estimated that a NC >40 cm 
means a 5% increase in the risk of the DI, while a 
NC >60 cm increases this risk by 35% [25, 28].

 Other Predictors of a Difficult Airway

Other classic criteria, which are not only relevant to 
the obese population, should be considered in the 
preoperative evaluation of DA risk. Such widely 
cited criteria are shown in (Tables 12.2 and 12.3).

Table 12.2 Difficult mask ventilation predictive factors 
[21, 22, 49, 50]

Age >48
Short neck
Neck circumference >40 cm
Limited jaw protrusion
Mallampati classification 3 or 4
Male gender
Facial hair
OSA/snoring history
Lack of teeth
BMI >34
History of difficult intubation
Neck radiation

Fig. 12.1 Artistic interpretation of the Mallampati 
classification modified by Samsoon and Young, 1987. 
Class I, soft palate fauces, uvula, and pillars visible; 

class II, soft palate fauces and uvula visible; class III, 
soft palate and base of uvula visible; class IV, soft palate 
not visible at all
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 Difficult Supraglottic Device 
Ventilation Predictive Factors

Supraglottic devices, broadly represented by 
laryngeal masks, had their use established in the 
general population, and they have been proven 
to provide effective ventilation in elective situa-
tion as well as in the rescue of ventilation when 
ventilation by face mask turns impossible, espe-
cially in the obese. A failure rate of 3–5% can 
be anticipated in obese patients with SGD ven-
tilation, even if second-generation devices, as 
the ProSeal® laryngeal mask, are used [29]. 
Recently, a proposal for a new scoring system to 
predict difficult ventilation through the SGD has 
been published (Table 12.4). Nevertheless, it was 
not a high sensitivity score, only 23%. Therefore, 
it can be used only as a screening aid to alert the 
anesthetist [30].

 Airway Management

During preparation for the induction of anesthe-
sia in an obese patient, emphasis should be 
placed on maintaining adequate oxygenation. 
Strategies must be designed in accordance with 
the arsenal of devices and equipment available. 
Although the vast majority of obese patients 
does not represent greater difficulty in airway 
management compared to nonobese patients, 
independent of a difficult airway that has been 
diagnosed, some measures must be taken univer-
sally, particularly proper positioning and effec-
tive preoxygenation.

 Positioning

Proper positioning is one of the most important 
measures for an effective direct laryngoscopy 
(DL). It allows the alignment of the oral and 
pharyngeal axis, which adds to the direct laryn-
goscopy maneuver and allows visualization of 
the laryngeal structures in most individuals. The 
best position described for the general popula-
tion is the “sniffing position” (flexion of the 
lower neck to 35° using a cushion elevation and 
extension of the face plane to 15°) [31]. 
However, in obese individuals, the large fat 
mass can hinder the confluence of the oral and 
pharyngeal axis, making it a poor position for 
good visualization of the glottis and intubation 
in some patients. In the obese, “ramp” position-
ing, associated with elevation of the head above 
the chest, or the “HELP” position (head-ele-
vated position laryngoscopy) [32] was superior 
to the traditional position, providing better visu-
alization of the glottis [33]. In this postural set-
ting, the goal is the horizontal alignment 
between the sternal notch and the external audi-
tory meatus, (Fig.  12.2); thus, the necessary 
angle of elevation of the thorax is variable, 
depending on the anteroposterior distance of the 
chest of patients.

Once in a supine position, the obese patient 
will increase the volume of occlusion by decreas-
ing the functional residual capacity, which will 
lead to worsening of ventilation, atelectasis, and 
decreased tissue oxygenation. Another advantage 
of ramp positioning is that it promotes significant 
improvement in preoxygenation and a significant 
increase in the safe apnea time [34] and facili-
tates ventilation with a face mask and use of 
supraglottic airway devices if necessary.

Table 12.3 Difficult intubation predictive factors [3, 20, 25]

Interincisor distance <3 cm
Relatively long upper incisors
Neck circumference >40 cm
Short neck
Limited jaw protrusion
Mallampati classification 3 or 4
Highly arched palate
OSA/STOP-BANG score >3
Neck extension limited
History of difficult intubation
Congenital or acquired deformities
Age >49 years

Table 12.4 The simplified scoring system to predict dif-
ficult ventilation through a SGD; 0–3 signified a low risk, 
and 4–7 signified a high risk of difficult ventilation 
through a SGD

Perioperative variables Points
Male gender 1
Age >45 years 1
Short thyromental distance <5.5 cm 3
Limited neck movements 2

Adapted from Saito et al. [30]
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The HELP position can be achieved with use 
of specific devices developed by the medical 
industry [35], through the use of pillows and 
sheets, or by a specific setting of the surgical 
table with comparable efficacy [36], as shown in 
Figs. 12.2 and 12.3. Figure 12.4 shows an exam-
ple of a commercial positioning device.

 Preoxygenation

The use of 100% oxygen before induction of gen-
eral anesthesia is formally recommended in most 
well-recognized airway guidelines [3, 18]. In 
obese patients, this practice is particularly impor-

Fig. 12.2 Artistic interpretation of Troop ELEVATION 
pillow®, Mercury medical, a commercial device for posi-
tioning of obese patients

Fig. 12.3 Artistic 
interpretation of the 
uncorrect positioning 
(top) and correct 
positioning or HELP 
(bottom) of the obese 
patient for airway 
management with the 
use of Linens and 
blankets

Fig. 12.4 Artistic interpretation of the correct position-
ing of the obese patient for airway management with the 
use of the surgical table setting
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tant since this group of patients has a shorter safe 
apnea period due to reduced FRC. The preoxy-
genation with 100% oxygen lengthens the inter-
val to onset of hypoxemia, adding precious extra 
time for airway management.

The use of CPAP during the induction period 
was effective in reducing atelectasis and increas-
ing apnea safe time [37].

 Anticipated Difficult Airway

Facing a suspected DA in an obese patient, a 
strategy must be developed considering the avail-
able equipment and devices as well as the techni-
cal skills of the anesthesiologist. An important 
part of this planning is the request for qualified 
help.

“Awake fiberoptic intubation” (AFI) is cur-
rently considered the gold standard for antici-
pated difficult airways. The use of this technique 
should be particularly preferred in cases where 
difficult mask ventilation is predicted because the 
spontaneous breathing of the patient will be pre-
served [3, 4, 38]. “Awake intubation” requires 
proper planning. The psychological preparation 
of patients, local anesthesia of the airway, and 
judicious and titrated use of analgesics such as 
fentanyl, remifentanil, dexmedetomidine, and 
ketamine are extremely important for the success 
of this procedure [39]. In obese patients, per-
forming peripheral blocks is more time- 
consuming and risky due to anatomical 
characteristics; therefore, techniques such as 
topical or atomized 2% lidocaine are simpler and 
equally effective [40]. “Topicalization” may also 
be well achieved by the use of a 4% gel or 10% 
spray lidocaine. The positioning for AFI, either 
nasal or oral, may be achieved with the patient in 
a supine position with the head up at 45°, facing 
the anesthesiologist. The AFI is still the safest 
technique for cases of DA [3].

Another option for “awake intubation” is indi-
rect laryngoscopy with the use of video laryngo-
scopes with specific blades for DA. These devices 
do not require optimal alignment of the oral and 
pharyngeal axis, allowing visualization of the 
glottis with less discomfort to the patient com-

pared to conventional laryngoscopy with a 
Macintosh blade. The video laryngoscopes are 
superior to conventional laryngoscopes in obese 
patients [41].

Once a patient becomes uncooperative, it pre-
cludes awake techniques, and tracheal intubation 
of these patients can only be done after general 
anesthesia. In such cases, the use of video laryn-
goscopes can be a good option for an anticipated 
difficult airway as well as intubation through a 
laryngeal mask [42].

The emergence of supraglottic devices, espe-
cially laryngeal masks, provided excellent 
backup for ventilation in difficult mask ventila-
tion patients both at the time of induction and 
after extubation, if airway rescue becomes neces-
sary. Among the group of supraglottic devices, 
the second-generation laryngeal masks are pre-
ferred, since they have an esophageal channel 
that allows the placement of a gastric drainage 
tube; it also provides a better seal, allowing good 
ventilation in patients with reduced compliance 
and the use of PEEP. Another useful SGD for the 
obese is the intubating laryngeal mask (ILMA). It 
allows successful intubation in most obese 
patients while allowing ventilation [42]. The 
techniques that combine the use of a SGD, such 
as ILMA with a flexible fiberoptic for tracheal 
intubation, can increase the success rate of air-
way establishment [43].

 Unanticipated Difficult Airway

Difficulty of intubation and ventilation that is not 
recognized in the preanesthetic evaluation is a 
potentially lethal situation.

The care of patients with difficult intubation 
and preserved ventilation aims to maintain 
 adequate oxygenation until tracheal intubation is 
achieved or the patient is awakened. It is recom-
mended that once the difficulty of intubation is 
identified, there is an immediate request for quali-
fied help, and avoiding repeated attempts of laryn-
goscopies must be emphasized. Insistence on 
laryngoscopy can result in trauma to the airway, 
making it difficult or even completely impossible 
for ventilation or subsequent use of other devices. 
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Laryngoscopy attempts should be restricted to no 
more than three or four by optimizing the posi-
tioning of the head and neck, trying to change 
blades or use a video laryngoscope, externally 
manipulating the larynx, or using the elastic bou-
gie as a guide for intubation. Some practical algo-
rithms detail the strategies for handling this type 
of situation [3, 18].

The use of supraglottic airway devices takes 
place immediately after intubation failure to 
maintain ventilation. In addition to ventilation, 
SGD can be used as a secondary technique for 
intubation either by intubation laryngeal mask 
(ILMA) or by the use of a fiberoptic through the 
laryngeal mask. In the event that face mask ven-
tilation is difficult or impossible, supraglottic 
devices are good choices, especially the second- 
generation laryngeal masks, which provide a bet-
ter seal and allow gastric suctioning.

In extreme cases, when intubation or ventila-
tion of a patient is impossible with the available 
techniques, even with the use of supraglottic 
devices, the only option is to perform emergency 
cricothyrotomy, a lifesaving procedure that has 
increased difficulty in obese patients due to the 
difficulty of identifying cervical structures in this 
group of patients [44–46].

It is important that the algorithms are adapted 
to local resources and that the anesthesia staff is 
conscious of the priorities in every typical sce-
nario of airway management. Regular training in 
critical situations must be encouraged.

 Planning Extubation

In 2005, the ASA Closed Claims Project noticed 
that the events that led to death and serious brain 
damage outcomes were mainly related to extuba-
tion and anesthesia recovery times, and they were 
more frequent in obese patients [1]. More 
recently, NAP4 observed that 30% of the adverse 
events associated with anesthesia occurred upon 
emergence from anesthesia and during recovery 
time and that obesity is the most common pathol-
ogy, which was present in 45% of cases [2].

In 2011, the Difficult Airway Society pub-
lished guidelines for extubation based on four 

fundamentals: planning, preparation, execution, 
and post extubation care [47]. Despite being 
based on the opinion of experts, as currently 
strong scientific evidence is unavailable, this 
report considers extubation as an important chap-
ter in the management of airways. The general 
requirements for successful extubation are hemo-
dynamic, metabolic and respiratory stability and 
normothermia (temperature >35.5 °C).

Obese patients have higher risk of airway 
obstruction, hypoxemia, and aspiration of gastric 
contents after extubation than nonobese patients. 
Therefore, they need proper planning for extuba-
tion to avoid major respiratory events. Airway 
obstruction is the most common cause of hypox-
emia in obese patients during extubation and 
recovery from anesthesia. Airway obstruction 
can be caused by the loss of muscle tone, which 
is required for opening of the airway; laryngo-
spasm due to the presence of secretions or blood 
in the airway; laryngeal edema caused by instru-
mental trauma during intubation; or even by a 
hypersensitivity reaction [2]. Failure of a neuro-
muscular blockade reversal has often been related 
to some of these postoperative events [48] as well 
as residual sedation by analgesics and anesthet-
ics. The total reversal of anesthesia and neuro-
muscular blockade is then essential. The 
adequacy of spontaneous ventilation must be 
confirmed as well as eye-opening and the capac-
ity to obey simple commands. Reversal of a neu-
romuscular blockade can be ensured if the T4/T1 
train-of-four ratio is above 0.9 [48]. It is manda-
tory that the airway be free of blood and secre-
tions through proper aspiration.

Instituting preoxygenation before extubation 
is recommended, especially if there was any dif-
ficulty in intubation or ventilation, as it ensures 
extra time for rescue ventilation and oxygenation 
if extubation failure occurs.

As suggested for induction of anesthesia, the 
resumption of the HELP position is also manda-
tory since this position enhances chest compli-
ance and facilitates ventilation through the mask, 
the use of supraglottic devices, or reintubation if 
it becomes necessary.

Difficult airway patients should be considered 
high-risk patients for extubation, and placing an 
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airway exchange catheter before extubation 
should be considered to serve as a reintubation 
guide in the case of extubation failure [4]. Patients 
with difficult ventilation criteria, mainly previous 
BiPAP/CPAP users, should maintain BiPAP/
CPAP use in the post extubation period since this 
improves ventilation [11]. A laryngeal mask must 
also be available to serve as a ventilatory backup 
device for extubation of these patients [2]. In the 
remaining patients, only the “HELP” position 
plus oxygen supplementation through a nasal 
cannula, coupled with the basic measures above, 
is sufficient for uneventful extubation.
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Positioning the Bariatric Surgical 
Patient

Jay B. Brodsky

 Introduction

The perioperative management of an obese 
patient differs in many aspects from that of a 
normal- weight patient undergoing a similar 
operation. This is especially true when posi-
tioning an obese patient for surgery [1]. Placing 
an obese patient in a non-physiologic position 
can further impair their already reduced cardio-
pulmonary function, often resulting in serious 
consequences. Proper positioning can also help 
to optimize airway management by increasing 
oxygen reserves, by facilitating bag-mask ven-
tilation, and by improving conditions for tra-
cheal intubation. Standard operating room 
tables are not safe for extremely obese patients, 
especially when moving the table or changing 
patient position during surgery. Obese patients 
also are more likely to suffer perioperative neu-
rologic and muscle injuries, so special attention 
must be directed to insure that all pressure 
points are adequately padded and the patient’s 
head, neck, and extremities are well supported. 
This chapter reviews important considerations 
for positioning obese patients during laparo-
scopic bariatric surgery.

 Position and Cardiopulmonary 
Function

Laparoscopic bariatric operations always require 
that the patient undergo a general anesthetic. 
Normally, induction of anesthesia is performed 
on a recumbent, often sedated, spontaneously 
breathing patient. This routine management 
approach must be avoided in obese patients.

When a patient of any size lies flat, their now 
dependent abdominal contents restrict diaphrag-
matic movement. This results in a reduction of 
functional residual capacity (FRC) and an increase 
in atelectasis [2]. These changes are markedly 
exaggerated in a supine obese patient. Expiratory 
reserve volume (ERV), a component of FRC, pro-
gressively decreases with increasing weight and 
body mass index (BMI) [3]. A supine, spontane-
ously breathing obese patient experiences propor-
tionally greater decreases in FRC, pulmonary 
compliance, and larger ventilation/perfusion mis-
match than a supine normal-weight patient [4]. 
These changes can result in reduced oxygen 
reserves and hypoxemia [5]. In addition, simply 
lying down increases venous blood return to the 
heart, cardiac output (CO), pulmonary blood flow, 
and arterial blood pressure. All these changes are 
magnified in the obese patient [6]. A supine obese 
patient will experience significant increases in 
metabolic oxygen demand and carbon dioxide 
production, combined with increases in CO and 
arterial and pulmonary artery pressure [7–8]. In a 
sedated obese patient with preexisting limited 
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physiologic reserves, simply assuming the supine 
position can lead to acute fatal cardiorespiratory 
failure (“obesity supine death syndrome”) [9–10].

 Position and Safe Apnea Period 
(SAP)

A spontaneously breathing obese patient should 
never lie flat but should always be in a head- 
elevated position. A head-elevated position will 
“unload” the weight of the intra-abdominal con-
tents from the diaphragm, in turn increasing pul-
monary compliance and FRC and improving 
oxygenation [11].

Prior to induction of general anesthesia, obese 
patients in a head-elevated position should be 
pre-oxygenated with 100% oxygen until their 
oxyhemoglobin saturation (SpO2) is 100% and 
their end-tidal O2 is >90%. Even after pre- 
oxygenation, the obese patient can still experi-
ence very rapid SpO2 desaturation due to their 
increased metabolic demands coupled with their 
limited oxygen reserves.

Since hypoxemia during induction of general 
anesthesia must be avoided, the duration of the 
obese patient’s “safe apnea period” (SAP) must 
be increased as much as possible. The SAP is the 
length of time between onset of apnea following 
administration of a neuromuscular blocking 
agent until SpO2 falls to 90% or 92%. If there is 
difficulty with bag-mask ventilation or with tra-
cheal intubation, prolonging the SAP will delay 
the onset of hypoxemia allowing more time to 
safely secure the airway.

Strategies to increase SAP start with appropri-
ate patient positioning prior to induction of anes-
thesia. As previously noted, the usual supine 
position must always be avoided.

In one study morbidly obese patients were pre-
oxygenated in either the supine or sitting position. 
Following paralysis both groups were placed 
supine for tracheal intubation [12]. After success-
ful intubation the still apneic, non- ventilated 
patients remained supine until their SpO2 decreased 
to 90%. SAP was significantly longer (214 +/− 
28  seconds) in patients initially pre-oxygenated 
while sitting compared to those who were supine 
during pre-oxygenation (162 +/− 38 seconds). To 

increase SAP, pre- oxygenation should always be 
performed in a head-elevated position, and the 
obese patient should remain in that position for 
tracheal intubation [13].

Which head-elevated position maximizes 
SAP? In another study super-obese patients 
(average BMI >56 kg/m2) were pre-oxygenated 
in three different positions. Group 1 patients were 
flat with the OR table tilted 30° in reverse 
Trendelenburg, Group 2 patients were in the con-
ventional supine position with the OR table flat, 
and Group 3 patients were in a 30° “back-up” 
Fowler position [14]. SAP was 178 +/− 55 sec-
onds (Group 1), 123 +/− 24 seconds (Group 2), 
and 153 +/− 63 seconds (Group 3). SAP was lon-
gest, and SpO2 dropped the least and recovered to 
97% fastest in patients on an OR table in 30° 
reverse Trendelenburg (Fig. 13.1).

Fig. 13.1 During pre-oxygenation the operating room 
table is tilted to the reverse Trendelenburg position to pro-
long the safe apnea period. This allows more time for tra-
cheal intubation. This position also facilitates bag-mask 
ventilation. The anesthesiologist may have to stand on a lift 
to reach and more easily ventilate and intubate the patient
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Unless there is an increased risk for aspiration 
of gastric contents, bag-mask ventilation with 
100% oxygen should be continued prior to laryn-
goscopy once the obese patient is rendered 
apneic. In addition to lengthening SAP, tilting the 
operating room table in reverse Trendelenburg 
will also facilitate bag-mask ventilation [15]. 
Although a patient in the reverse Trendelenburg 
position could potentially experience hypoten-
sion from venous pooling, in the absence of sig-
nificant hypovolemia, no adverse cardiovascular 
changes have been reported with induction of 
anesthesia in that position.

Applying positive pressure mask ventilation 
can increase SAP by as much as 50% in morbidly 
obese patients [16]. Morbidly obese patients ven-
tilated for 5 minutes before laryngoscopy with a 
ProSeal™ laryngeal mask airway (LMA) were 
compared to supine patients ventilated by face-
mask. After paralysis, SAP (defined as 
SpO2  =  92%) was 205  seconds (range 96–320) 
with bag-mask ventilation compared to 337 sec-
onds (range 176–456) with the LMA [17].

 Position and Direct Laryngoscopy

The tracheas of most obese patients can be suc-
cessfully intubated using direct laryngoscopy 
[18–19]. The laryngoscopist’s view of the vocal 
cords can be significantly improved when the 
obese patient’s head, shoulders, and upper body 
are elevated (or “ramped”) so that an imaginary 
horizontal line can be drawn from their sternum 
to their ear (“head-elevated laryngoscopy posi-
tion”, HELP) [20]. Improving laryngeal exposure 
reduces the time needed for successful tracheal 
intubation, potentially reducing the risk of hypox-
emia in obese patients with short SAPs [21]. 
HELP also increases pulmonary compliance, 
thus further facilitating bag-mask ventilation. 
HELP has now become the standard position for 
direct laryngoscopy of obese patients [22].

HELP can be achieved with towels, blankets, 
and/or pillows placed under the patient’s head, 
back, and shoulders (Fig. 13.2). Specially 
designed elevation pillows and other adjuncts are 
also commercially available [23–24]. Inflatable 

devices allow initial HELP for intubation, can 
then be deflated during surgery, and re-inflated at 
the completion of the procedure prior to tracheal 
extubation [25–26]. HELP can also be achieved 
by flexing a flat OR table at the trunk-thigh hinge 
and raising only the back portion of the table, 
eliminating the expense of purchasing special 
positioning devices [27].

 Position During Laparoscopic 
Bariatric Surgery

Once anesthetized, the patient’s position may 
need to be changed to supine, lithotomy, 
Trendelenburg, or reverse Trendelenburg for sur-
gical exposure. Spontaneously breathing mor-
bidly obese patients do not tolerate any of these 
positions so assisted mechanical ventilation must 
always be provided. Supraglottic airways have 
been used during gynecologic laparoscopic pro-
cedures [28]. However, there is a high incidence 
of hypoxemia and gastric aspiration in obese 
patients ventilated with supraglottic airways [29], 
so an endotracheal tube is recommended [30].

Obese patients tolerate a head-down position 
even less than they do the supine position 
(Fig.  13.3). In Trendelenburg there is an auto-
transfusion of blood from the lower extremities 

Fig. 13.2 Prior to the induction of anesthesia, the obese 
patient is placed in the “head-elevated laryngoscopy posi-
tion” to facilitate the laryngoscopist’s view of the vocal 
cords during direct laryngoscopy. Although special eleva-
tion devices are commercially available to ramp the head 
and upper body, pillows and towels can be used (as illus-
trated). All pressure points are padded, and the extremities 
are supported by pillows to prevent injury
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to the central and pulmonary circulation. The 
additional weight of the abdominal contents 
pressing on the diaphragm decreases total com-
pliance and FRC even further, which in turn leads 
to increased atelectasis and hypoxemia. The 
combination of general anesthesia, laparoscopy 
with carbon dioxide pneumoperitoneum, and a 
25°–30° Trendelenburg position increases central 
venous pressure, pulmonary capillary wedge 
pressure, and pulmonary arterial pressures and 
decreases cardiac output [31].

Abdominal insufflation for laparoscopy com-
bined with changes in OR table position can also 
cause displacement of the endotracheal tube [32]. 
Advancement into the right bronchus can occur 
with the Trendelenburg position, and this causes 
a further reduction in pulmonary compliance and 
oxygenation.

The reverse Trendelenburg position generally 
improves ventilation and oxygenation during 
bariatric surgery [33]. This effect is less pro-
nounced in older, obese male patients, presum-
ably because central fat impedes diaphragmatic 
unloading. Addition of positive end-expiratory 
pressure (PEEP) can also improve oxygenation. 
Both PEEP and reverse Trendelenburg can reduce 
CO, but the hemodynamic effects are usually not 
clinically important [34].

Patient positioning can affect the surgical 
workspace. During laparoscopy the volume of 
intra-abdominal carbon dioxide was measured in 
morbidly obese patients. Five patient positions 

were studied. In Group 1 the OR table was hori-
zontal with the patient supine; in Group 2 the OR 
table was in 20° reverse Trendelenburg with the 
patient’s legs flat; in Group 3 the OR table was in 
20° reverse Trendelenburg with the patient’s legs 
flexed 45° upward at the hips (beach chair posi-
tion); in Group 4 the OR table was flat with the 
patient’s legs flexed 45° upward at the hips; and in 
Group 5 the OR table was in 20° Trendelenburg 
with the patient’s legs flat. By increasing the 
workspace (i.e., greater volume), the 
Trendelenburg position was felt to be superior for 
lower abdominal exposure during laparoscopy, 
and the reverse Trendelenburg position with flex-
ion of the legs at the hips was better for upper 
abdominal surgery [35].

If hemodynamically stable at the completion 
of surgery, the trachea should be extubated with 
the patient in a 30°–45° head-elevated position. 
The obese patient should then be transferred from 
the operating room either sitting or with the bed 
tilted in reverse Trendelenburg.

During the first postoperative 48 hours, espe-
cially after open abdominal surgery, the obese 
patient should never be supine but should recover 
in a semi-recumbent position to maximize arte-
rial oxygenation [36].

 Position and Injury

Obese patients are more likely to suffer physical 
injuries during surgery than normal-weight 
patients. Conventional OR equipment is not 
designed to accommodate the heavier patients 
now undergoing bariatric operations. OR tables 
become unstable and can tip over, especially when 
unlocked, and patients have been seriously injured 
after falling from tables during surgery [37].

Muscle breakdown (rhabdomyolysis, (RML)) 
occurs after long duration procedures when an 
obese patient is placed on a firm OR table [38]. 
Padding of all dependent pressure points is essen-
tial during operations of any length to reduce the 
chance of injury [39–40]. Although the majority 
of RML cases are subclinical and asymptomatic, 
fulminant RML with renal failure, compartment 
syndrome, neurologic injury, or even cardiac 

Fig. 13.3 With the operating room table tilted to the 
Trendelenburg position, there is a further decrease in lung 
volume leading to increased atelectasis and hypoxemia. 
Abdominal insufflation for laparoscopy combined with 
this position can cause displacement of the endotracheal 
tube into the right main bronchus
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arrest and death have been reported. Maintaining 
adequate renal perfusion with intravenous fluids 
and diuretics, limiting the duration of surgery, 
and changing patient position both intra- and 
postoperatively may reduce the incidence of 
RML. A complete discussion of RML is found in 
another chapter in this book.

As with muscle injury, the incidence of skin 
pressure sores and neural compression injuries 
during surgery is higher in obese patients than in 
normal-weight patients [41]. For the diabetic 
obese patient, these risks are even greater. Prior to 
the induction of anesthesia, all potential pressure 
sites must be adequately padded and the padding 
maintained throughout the entire procedure.

Increased intra-abdominal pressure during 
laparoscopic surgery with the patient in reverse 
Trendelenburg can reduce femoral blood flow 
and increase venous stasis, in turn increasing the 
already high risk of pulmonary embolism [42]. 
The leg supports used during lithotomy can cause 
increases in intra-compartment pressure in the 
calf or knee compromising circulation. Because 
of the heavier weight of their lower extremities, 
obese patients in the lithotomy position are at 
increased risk for compartment syndrome [43]. 
The longer the patient is in lithotomy, the greater 
the chances of developing a lower extremity neu-
ropathy or compartment syndrome.

Proper support to the arms and legs is essen-
tial to avoid stretch injury to nerves and joints. 
Bilateral brachial plexopathy has been reported 
during laparoscopic bariatric surgery, especially 
when the patient is placed in the reverse 
Trendelenburg position without proper arm sup-
ports [44].

 Conclusion

Careful attention to patient position is extremely 
important during bariatric surgery. Spontaneously 
breathing obese patients should never be allowed 
to lie flat, whether prior to anesthetic induction, 
during surgery while anesthetized, or in the 
immediate postoperative period. Placing the OR 
table in reverse Trendelenburg increases the dura-
tion of SAP and facilitates bag-mask assisted 

ventilation. Ramping the upper body and head 
(HELP) improves the laryngoscopist’s view, 
which in turn improves conditions for successful 
tracheal intubation. During laparoscopic surgery 
with a pneumoperitoneum, patient position can 
significantly affect cardiac and pulmonary func-
tion. Dependent pressure points must always be 
fully padded, and proper support of arms and legs 
must be maintained to avoid RML, pressure 
sores, and neurologic injuries.
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Developing the Laparoscopic 
Gastric Bypass

Cássio Renato Montenegro de Lima

Bariatric surgery remains the only effective and 
enduring treatment for morbid obesity. Since 1997, 
the number of bariatric surgical procedures in the 
United States has grown sevenfold as evidence has 
proven their safety and efficacy. Roux- en- Y gastric 
bypass (RYGB), which accounts for 88% of bariat-
ric procedures in the United States, is considered a 
restrictive and malabsorptive procedure [ 1].

Gastric bypass has become the gold standard 
procedure in bariatric surgery. Mason and Ito [2] 
in 1967 developed the principles of gastric bypass 
surgery, as a variation of the Bilroth II recon-
struction used after antrectomy in the treatment 
of peptic ulcer disease. They noticed that women 
were often underweight after this procedure.

Number of factors had led to the rising of bar-
iatric surgery procedures, including technologic 
advances, like the introduction of laparoscopic 
approaches, that have improved safety, as well as 
shorter hospital stays [3]. In addition to techno-
logic advances, increased awareness of the proce-
dure among patients and physicians, media 
attention, celebrity patients’ stories [4], and 
greater access through increased coverage by 
health insurance companies and third-party pay-
ers [5] have influenced the continued rise in bar-
iatric surgical procedures since the first operations 
were introduced in the 1950s.

Bariatric surgery results in significant periop-
erative complications. A laparoscopic approach 
has significant potential to reduce perioperative 
complications and recovery time.

Since the introduction of laparoscopic chole-
cystectomy in the late 1980s, much has been 
learned about the profoundly positive impact of 
laparoscopic surgery on reducing perioperative 
complications. Patients undergoing bariatric sur-
gery generally have more comorbidities and 
require more extensive incisions to complete the 
surgical procedure, compared with patients 
undergoing cholecystectomy. Because they are 
more vulnerable to cardiopulmonary and wound- 
related complications, laparoscopic access for 
bariatric surgery has a greater impact on reducing 
the perioperative complications related to the 
conventional access incision [6].

The popularity of the laparoscopic methodology 
for the performance of abdominal operations was 
extended to gastric bypass [7] and is now utilized in 
approximately 90% of gastric bypass procedures. 
The anatomic aspects of the gastric bypass itself are 
essentially the same as for open gastric bypass. 
Numerous high-quality studies have demonstrated 
the efficacy and safety of the procedure [8].

The advantages of the laparoscopic method 
are numerous and include reduced postoperative 
pain, decreased impairment due to pulmonary 
complications, faster recovery, diminished 
parameters of systemic injury, and a dramatic 
reduction in the frequency of wound infection 
and delayed ventral hernias [9].
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Laparoscopic gastric bypass is a technically 
feasible procedure, which can be accomplished 
with acceptable morbidity, reasonable operating 
times, and excellent clinical results. It deserves a 
place in the operative repertoire of modern bar-
iatric surgeons [10].

The surgical community has also altered their 
perception of bariatric surgery. Advanced lapa-
roscopy is now a growing field among surgical 
residents who are graduating [11]. For its mini-
mally invasive approach, many patients and 
referring physicians incorrectly assume that bar-
iatric surgery is linked to a minimal risk and is an 
easy solution to obesity, but bariatric surgery still 
has complications. It is important to seek addi-
tional training in bariatric laparoscopic surgery, 
like workshops and fellowships [12].

The gastric bypass operation for the treatment 
of morbid obesity was initially consisted of a 
loop gastrojejunostomy and a stapled pouch of 
approximately 10% of gastric volume. During 
the past years, numerous investigators have intro-
duced modifications, including a Roux-en-Y gas-
trojejunostomy to prevent bile reflux, a reinforced 
staple line or an isolated gastric pouch to prevent 
disruption, a smaller pouch (15–30 mL), various 
lengths of Roux limb segments, and various types 
of banded pouch outlets [6].

The first laparoscopic approach to Roux-en-Y 
gastric bypass (LRYGB) was described by 
Wittgrove et al. [13]. They created a 15- to 30-mL 
gastric pouch isolated from the distal stomach, a 
21-mm stapled, circular anastomosis, a 75-cm 
retrocolic, retrogastric Roux limb, and a stapled 
side-to-side jejunojenostomy. They developed a 
six-trocar technique.

The results were excellent, with a 500-patient 
study showing a 73% rate of excess body weight 
loss at 54 months. The overall complication rate 
was less than 10%, with a leakage rate about 
2.2%, and comparable to the open procedure at 
that time [7].

Some bariatric surgeons require their patients 
to lose additional weight through diet and exercise 
between the time of initial bariatric surgery con-
sultation and the date of operation. The laparo-
scopic approach is technically more difficult in 
superobese patients, especially those with exten-

sive abdominal fat. This additional required preop-
erative weight loss is not correlated with 
comorbidity resolution or complication rates but is 
associated with shorter operative times and greater 
weight loss at 1 year after the surgery; therefore, it 
should be encouraged in all patients [14, 15].

Edholm et al. demonstrated that preoperative 
4-week low-calorie diet reduces liver volume and 
intrahepatic fat and facilitates laparoscopic gas-
tric bypass in morbidly obese, because it helps in 
the visualization of the area around the gastro- 
oesophageal junction, where the most compli-
cated parts of the procedure is done [16].

The laparoscopic approach is technically chal-
lenging but with experience can be mastered. As 
with most complex laparoscopic procedures, the 
learning curve is steep, with long operating times 
[6], requiring stapling, handling of the small 
bowel, and construction of anastomoses. 
Wittgrove et al. [13] have found that with experi-
ence, operating times can be reduced to close to 
those for open RYGB.

Not only the surgeon but the whole team needs 
to be familiar with the special setting [17]. 
Stepaniak et  al. [18] found that working with 
fixed teams, the duration of the laparoscopic bar-
iatric surgery can be reduced, improving team-
work and safety climate.

Gastric bypass has evolved over the 30 years 
following its initial description to include multi-
ple modifications.

In modern version, patient is placed supine in 
a gentle reverse Trendelenburg position.

To access the abdominal cavity, most bariatric 
surgeons use the established safe technique of 
placement of a bladeless optical view trocar with 
direct visualization by a laparoscope at Palmer’s 
point, in favor of the periumbilical access location. 
Pneumoperitoneum (15–18  mmHg) can also be 
created using the Veress needle technique. Abiding 
by minimally invasive surgical principles, the four 
remaining trocars are placed in an arc pattern. 
Minor variations in trocar size and location are 
determined by surgical technique, patient body 
habitus, and stapling device to be used [19].

The size of the gastric pouch has gradually 
been reduced to the present 20–30-mL capacity. 
The gastric pouch is most commonly constructed 
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by dividing the stomach to avoid potential cre-
ation of gastrogastric fistula. The development of 
devices that staple and divide the stomach simul-
taneously facilitated this advancement [8].

A small gastric pouch is believed to facilitate 
long-term weight loss and reduce the frequency 
of anastomotic ulcers in the acid-vulnerable jeju-
nal mucosa [17].

Biliopancreatic limb of jejunum is confec-
tioned typically 30–60  cm in length in most 
LRYGB procedures. This limb extends from the 
ligament of Treitz to the jejunojenostomy, which 
is the point at which the nutrient stream, the bile, 
and pancreatic secretions come together [8].

The Roux-en-Y limb may be transmitted to 
the small gastric pouch either anterior or poste-
rior to the colon and stomach. Various lengths of 
small intestine have been used for construction of 
the Roux-en-Y limb.

Alimentary limb extends from the gastrojeju-
nostomy to the jejunojenostomy. This limb trans-
mits the ingested nutrients in the absence of bile 
and pancreatic juice. The length of this limb is 
typically 75–150  cm, although longer lengths 
may be used. A Roux or alimentary limb >150 cm 
is referred to as a long limb or distal gastric 
bypass, in an effort to achieve maximum out-
comes of excess body weight loss.

Common channel is the remainder of the small 
bowel from the jejunojenostomy distally to the 
ileocecal valve. The length of this segment of 
bowel is typically not measured and is highly 
variable depending on the total length of the 
small bowel. The common channel usually con-
stitutes the majority of the small bowel [8, 19].

There are varying techniques been performed 
to the construction of the anastomosis, including 
circular and linear stapler, or a totally hand-sewn 
gastrojejunal anastomosis. Roux limb can be 
transmitted by an antecolic or retrocolic orienta-
tion, and usually a stapled jejunojenostomy with 
hand-sewn common enterotomy closure is done. 
Other techniques used to perform jejunojenos-
tomy are the double staple, which uses a stapled 
closure of the common enterotomy, and triple 
staple, involving both proximal and distal firing 
of linear stapling device with stapled closure of 
the common enterotomy [19].

Retrocolic orientation, which is the transmis-
sion of the Roux-en-Y limb to the small gastric 
pouch posterior to the colon, can be used and 
may reduce tension on the gastrojejunostomy 
anastomosis but has been associated with a sig-
nificant increase in the internal hernia rate [20].

In antecolic technique, it is important to divide 
the omentum using an energy device, which 
reduces tension on gastrojejunal anastomosis 
[19].

Several methods to decrease leakage have 
been described, including staple line oversewing, 
fibrin glue and sealant application, and staple line 
reinforcements [21–23], but there is no prospec-
tive randomized evidence to suggest any method 
is effective [19].

Most bariatric surgeons use a form of intraop-
erative leak testing that allows for immediate 
repair [19]. There are two more commonly used 
techniques: blue dye instillation or air insuffla-
tion via endoscope or orogastric tube. In case of 
leak, the repair should be done and the leak test 
repeated. Routine drain placement at the gastro-
jejunal anastomosis is debated with proponents 
noting ability to diagnose and control leak [24] 
and opponents noting no benefit and potential 
increase in leak rate [19, 25].

Madan et al. [26] performed an online survey 
of American Society for Bariatric Surgery prac-
ticing surgeons and found that the percentage of 
those using the circular stapler, linear stapler, and 
hand sewing was 43%, 41%, and 21% for the 
gastrojejunal technique. Most surgeons (93%) 
routinely test the gastrojejunal intraoperatively, 
and 95% do not place a band around the pouch.

Studies have shown that hand-sewn gastroje-
junostomy increased technical demand and oper-
ative time [17]. Linear stapler technique can 
reduce the frequency of strictures and surgical 
wound infections. A meta-analysis of compara-
tive studies concluded that linear stapler tech-
nique may be safer than circular in gastrojejunal 
anastomosis for LRYGB [27].

Closure of the mesenteric defect is routine for 
most surgeons performing gastric bypass today. 
The three common sites of internal herniation are 
the mesojejunal site, trans-mesocolic associated 
with retrocolic Roux limb passage, and in the 
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potential space between the Roux limb and the 
transverse mesocolon, also known as Petersen’s 
hernia [19]. As the formation of adhesions is 
reduced compared to open surgery, the small 
bowel is more prone to slide into the opening 
[17]. Nonclosure and loss of mesenteric fat owing 
to postoperative weight loss can lead to mesoje-
junal herniation, the most common type [28].

Internal hernias are a significant cause of late 
complications (0.4–14.4%) [29]. They often pres-
ent with vague symptoms, and computed tomog-
raphy scanning has low sensitivity for diagnosis 
[30]. This finding can lead to delayed diagnosis, 
bowel strangulation, anastomotic dehiscence, 
gastric remnant dilation, and death [31].

The incidence of port site herniation is less 
than 2%. Closure should be attempted, usually 
with 0-absorbable suture passing device under 
laparoscopic visualization at the umbilicus and at 
any enlarged or dilated sites, although there is 
currently no evidence to support routine fascial 
closure in obese patients [19, 32].

Performing laparoscopic gastric bypass in 
public university hospitals has been difficult due 
to the high cost of the surgical staplers. This fact 
induced to look for different technical options, 
with low cost, maintaining the efficacy. LRYGB 
is viable with low cost; however, it is complex 
and requires ability mainly in laparoscopic hand- 
sewn sutures [33].

The weight loss results with LRYGB are very 
good to excellent, with patients now out to “long- 
term” follow-up. Resolution of the comorbidities is 
documented. The operation has an adequate track 
record to show effectiveness, and training programs 
should be established to maximize safety [7].

There are multiple complications associated 
with the LRYGB, including bleeding, infection, 
marginal ulceration, anastomotic leak, anasto-
motic stenosis or stricture, hypopharyngeal or 
esophageal injury, omental torsion or necrosis, 
pulmonary embolus, death, development of 
symptomatic cholelithiasis, inadequate weight 
loss, nutritional deficiencies, and symptomatic 
dumping syndrome [19].

Mortality was found to be lower for laparo-
scopic procedures than for open surgery, 0.16% 
and 0.41%, respectively [34].

In a study by Puzziferri et al. [9], the weight 
loss was similar between laparoscopic and open 
gastric bypass patients at 3-year (77% for laparo-
scopic versus 67% for open) and 4-year (76% for 
laparoscopic versus 71% for open) follow-up. 
Since the anatomic and physiologic principles of 
the gastric bypass operation were identical 
between the two techniques, it is not surprising 
that long-term weight loss was similar.

The major drawback of laparoscopic gastric 
bypass over the open approach is the steep 
“learning curve.” LRYGB is currently one of the 
most challenging advanced laparoscopic opera-
tions. Because of its technical complexity, the 
learning curve for laparoscopic gastric bypass is 
longer than most other advanced laparoscopic 
operations. Many factors contribute to the extent 
of the learning curve for laparoscopic gastric 
bypass, including experience of the surgeon 
with other advanced laparoscopic operations, 
with open bariatric operations, and with laparo-
scopic suturing skill and intracorporeal knot 
tying techniques [9].

LRYGB can be done safely in patients over 
60 years of age in an experienced bariatric pro-
gram, even in patients with relatively high risk 
based on their comorbid conditions preopera-
tively. Resolution of associated comorbidities far 
exceeds that found with any other treatment 
modality [35].

Single incision laparoscopic surgery (SILS) is 
a minimally invasive technique which makes use 
of a single incision in performing RYGB. In this 
technique, a multichannel trocar is placed in the 
umbilical region, to reduce the number of trocars 
and improve cosmetics [36].

The first SILS was reported in 2009 by Huang 
et al. [37]. Compared with conventional LRYGB, 
SILS resulted in acceptable complications, the 
same recovery, comparative weight loss, and bet-
ter patient satisfaction related to scarring [36].

The technique described by Fernández [38] 
for TUGB (transumbilical gastric bypass), with a 
single trocar, hand-sewn gastrojejunal anastomo-
sis performed in two layers, and a stapled jejuno-
jenostomy, is a feasible procedure for surgeons 
who have previous experience with the transum-
bilical approach.
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Studies have shown that single incision is 
safe and reproducible technique used as an 
access to complex surgeries like gastric bypass 
in carefully selected patients. However, the 
application of single incision laparoscopic sur-
gery in bariatric patients has been limited to 
less complex procedures. Some potential bene-
fits include less postoperative pain, improved 
cosmetics, and patient satisfaction. Randomized 
trials involving larger patient series with a lon-
ger follow-up and larger cohort studies and/or 
systematic reviews will be necessary to assess 
the extent of the benefits and limitations of sin-
gle incision laparoscopic surgery (SILS) in bar-
iatric surgery [39, 40].

Quality of life, as measured by the validated 
SF36 survey, improves greatly after LRYGB sur-
gery. Preoperatively, morbidly obese patients 
score significantly lower than US population 
norms in the categories of general health, vitality, 
physical functioning, bodily pain, and emotional 
and social functioning. Three months following 
RYNGB, these same patients scored no differ-
ently than US norms in these categories [41].

LRYGB offers the afflicted patient a new 
option to achieve highly beneficial therapy, with 
optimally reduced morbidity and disability. Its 
potential for increased acceptance will allow 
improved management for an expanded set of 
suffering patients. Minimally invasive bariatric 
procedures should be performed only by bariatric 
surgeons who are experienced in laparoscopic 
techniques.

LRYGB produces excellent weight loss results, 
gratifying reduction of comorbidities, superior 
cosmetic effect, diminished recovery time, and 
rapid return to full activities. It can be accom-
plished within reasonable operating times. The 
long-term results, with respect to sustained weight 
loss, persistent benefits in relief of comorbidities, 
and incidence of incisional hernias, will continue 
to be observed. Surgeons who consider LRYGB 
to be the gold standard of obesity surgery should 
consider adding the laparoscopic access tech-
nique to their surgical armamentarium [10].

Many of the reported studies regarding mor-
bidity and mortality had been completed prior to 

the many improvements in current surgical tech-
nique [41]. In addition, surgeon and hospital 
experience can mitigate the risks associated with 
weight loss surgery. The best demonstrated and 
most protective effect against complications is an 
experienced surgeon and hospital [42, 43]. 
Clearly, there is benefit in having this complex 
and demanding surgery performed by experi-
enced and committed surgeons operating in a 
dedicated health-care facility.

None of the previously mentioned periopera-
tive risk factors can be modified, with the excep-
tion of the volume status of the surgeon and 
hospital. For gastric bypass surgery, it has been 
demonstrated that a high-volume surgeon and 
high-volume hospital lead to decreased morbid-
ity and mortality [42, 43].

In the United States, this volume outcome 
effect has been recognized by the Centers for 
Medicare and Medicaid Services, which now 
require Medicare patients to undergo surgery 
only at a Bariatric Surgery Center of Excellence 
[44]. Numerous criteria enable a center to 
become a Bariatric Surgery Center of Excellence, 
but the primary criteria are a surgeon volume of 
more than 50 cases and hospital volume exceed-
ing 125 cases annually. Although a referral to a 
Bariatric Surgery Center of Excellence may lead 
to decreased morbidity and mortality, this refer-
ral pattern must be balanced with appropriate 
and sufficient access to care for a vulnerable 
population without other therapeutic options.

 Conclusion

Patient safety and quality improvement have been 
part of bariatric surgery, including laparoscopic 
procedure, since its inception, and there have been 
significant improvements in outcomes of bariatric 
surgery over the past two decades [45].

The use of robotics is currently being imple-
mented to perform RYGB. Transitioning from a 
laparoscopic to a robotic practice can be done 
safely; however, the initial operative times were 
longer, and the hospital cost was higher for 
robotic gastric bypass [46, 47].
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Systemic Inflammation 
in the Morbidly Obese Patient

Antonio Jamel Coelho

 Systemic Inflammation 
in the Morbidly Obese Patient

The obesity, induced by uncontrolled and exces-
sive food intake, is associated with a chronic sys-
temic inflammatory state of adipose tissue [1], 
characterized by elevated serum levels of acute 
phase inflammatory markers, including interleu-
kin 6 (IL-6), tumor necrosis factor-α (TNF-α), 
interleukin 1 (IL-1), C-reactive protein (CRP), 
complement, and leptin, and low level of serum 
markers that attenuate the inflammation such as 
adiponectin and interleukin 10 (IL-10).Obese 
patients present alterations in quantity and func-
tion of leukocytes on peripheral blood including 
increased number of macrophages and increased 
production of oxygen free radicals. This systemic 
inflammatory condition, associated with obesity 
which has an extreme clinical significance, is 
caused by specific abnormalities on molecular, 
immunological, cellular, and anatomical charac-
teristics which may determine metabolic changes 
such as hyperglycemia, hyperinsulinemia, insulin 
resistance, and dyslipidemia. These alterations 
can cause the metabolic syndrome, which is the 
root of the many serious complications of obe-
sity, and can lead to respiratory disorders such as 
airflow obstruction, dyspnea, and hypoxemia and 
other disorders such as cardiovascular, neurologi-

cal, pulmonary, musculoskeletal, joint pain, dia-
betic retinopathy, and low self-esteem [2–6]. 
Although it is known that excessive fat accumu-
lation is the cause of several diseases, not all 
obese individuals have important metabolic 
changes [7].

The term “metabolic syndrome” has been pro-
posed to indicate a group of interrelated factors, 
such as abdominal obesity, insulin resistance 
(IR), hypertension, and dyslipidemia. Individuals 
who exhibit these conditions have increased risk 
to develop type 2 diabetes mellitus (T2DM) and 
cardiovascular disease. The metabolic syndrome 
has been defined as presenting three or more of 
the following: fasting plasma glucose of 5.6–
6.9  mmol/L; waist circumference >102  cm (in 
men) or >88 cm (in women); fasting triglycerides 
≥1.7  mmol/L; high-density lipoprotein choles-
terol <1.0 mmol/L (in men) or <1.3 mmol/L (in 
women); and blood pressure ≥130/85 mmHg or 
current treatment for hypertension [8, 9]. Studies 
about the relationship between insulin resistance 
and diabetes showed that there is an association 
between inflammation and other diseases associ-
ated with diabetes, such as atherosclerosis, 
hypertension, hepatic steatosis, sleep apnea and 
allergic diseases, stroke, some types of cancer, 
and changes in skeletal muscle [10–12]. 
Barbarroja et al. [13] found that the development 
of insulin resistance associated with obesity 
depends on the inflammatory cascade activation. 
Interleukin 6 (IL-6), IL-1β, ERK (extracellular 
signal-regulated kinase ½), and nuclear 
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 factor- kappa β (NF-kβ) appear to be important 
mediators of inflammatory effects by promoting 
insulin resistance.

 Inflammation Related to Adipose 
Tissue

Although the peripheral blood findings show the 
initial clinical condition, the inflammatory obe-
sity disease begins in adipose tissue, before it 
can be seen in another organ and before the sys-
temic metabolic disease. Adipose tissue, either 
in the lean individual or in the obese individual, 
is a complex organ, with endocrine and immuno-
logical activity, being composed by the extracel-
lular matrix, adipocytes, fibroblasts, endothelial 
cells, preadipocytes, and cells of the immune 
system [14]. The number of leukocytes is 
increased in obesity at the expense of macro-
phages, T cells, and natural killer cells, among 
which are the adipose tissue macrophage (ATM), 
the main mediators of inflammation. In addition 
to their increased numbers, these macrophages 
express increased levels of inflammatory cyto-
kines (TNF-α, IL-6, inducible nitric oxide syn-
thase – iNOS) and chemokine receptors. Adipose 
tissue macrophages interact with other lympho-
cytes, adipocytes, and endothelial cells inducing 
the release of inflammatory cytokines, adipo-
kines, reactive oxygen species, and chemokines 
all of which can contribute to inflammation and 
systemic metabolic disease. Adipose tissue mac-
rophages have an important role in insulin resis-
tance, caused by the cytokines that they release. 
Insulin resistance may lead to hyperglycemia 
and hyperlipidemia that may interfere with met-
abolic reactions and cause type 2 diabetes mel-
litus (T2DM), a disease closely associated with 
obesity. In turn, obesity has been shown to have 
great influence in the development of insulin 
resistance and the progress for T2DM.  Type 2 
diabetes mellitus is different from type 1 diabe-
tes which is an autoimmune disease that mainly 
affects children and occurs due to the pancreatic 
β cells’ inability to produce insulin. Adipose tis-
sue macrophages are also involved in other met-
abolic diseases such as atherosclerosis, hepatic 

steatosis, sleep apnea, and asthma. Although adi-
pose tissue macrophage plays an important role, 
it is not the only cause of inflammatory response 
and metabolic disease; other immune cells also 
play a role in the pathogenesis of these meta-
bolic alterations.

 Cytokines and Adipocytokines

Cytokines and adipocytokines are the main fac-
tor of the obesity-related inflammatory process. 
They were initially described due to their 
effects on inflammation and the regulation of 
body weight, but since then, it was shown that 
most cytokines and adipocytokines also control 
the glucose homeostasis. While some inflam-
matory cytokines control body weight, most of 
the adipocytokines have immunoregulatory 
properties. Phylogenetically and functionally, 
cytokines and adipocytokines are closely 
related. Consequently, physiologic systems that 
regulate inflammation, body weight, and 
metabolism were shown to have evolved though 
similar paths.

Previously, researchers believed that fat tissue 
was a static deposit of energy. However, now 
these structures are known as an endocrine organ 
that plays an important role in systemic and local 
homeostasis. Adipocytes secrete substances, such 
as cytokines and chemokines, called adipocyto-
kines that have paracrine, autocrine, and endo-
crine (systemic) functions, including 
inflammatory mediators [17, 18]. The adipocyte 
is an important source of endogenous tumor 
necrosis factor-α (TNF-α). The secretion of 
TNF-α is stimulated by obesity [19, 20]. Fat cells 
also secrete other adipocytokines, such as inter-
leukin- 6 (IL-6), interleukin-1β (IL-1β), leptin, 
adiponectin, resistin, retinol-binding protein 4, 
visfatin, plasminogen activator-1 (PAI-1), mono-
cyte chemoattractant protein-1, angiotensin, and 
fibrinogen [21, 22].

Obesity triggers an increase in the concen-
tration of cytokines associated with the patho-
genesis of the metabolic syndrome [12, 23]. 
Leptin, secreted by adipocytes, acts on the cen-
tral nervous system and endocrine function, 
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maintaining metabolic homeostasis by regulat-
ing appetite, physical activity, and stimulating 
insulin sensitivity [1, 24, 25].

The growth of adipocytes and accumulation of 
triglycerides causes an increase on the leptin pro-
duction. The leptin concentration is an indicator 
of adipose tissue mass; thus if leptin levels in 
obese patients remain high for a long period, it 
will provoke leptin resistance [26], limiting sati-
ety signals. The leptin action on the central ner-
vous system can lead to normoglycemia 
independent of the action of pancreatic insulin 
[27]. Another adipocytokines, known as adipo-
nectin, has its serum level lowered in obesity [28] 
and type 2 diabetes [29]. Adiponectin stimulates 
insulin sensitivity and has anti-inflammatory 
effects [30, 31]. Low serum levels of this cyto-
kine are usually associated with the metabolic 
syndrome [32]. Both leptin and adiponectin pro-
tect peripheral tissues against lipotoxic injuries, 
because they stimulate fatty acids oxidation and 
increase insulin sensibility [24]. On the other 
hand, resistin, produced by macrophages, 
increases insulin resistance [33, 34]. 
Angiotensinogen production is increased in obe-
sity because it is regulated by nutritional factors, 
decreasing during fasting and increasing during 
food intake [35, 36]. Adipose tissue also pro-
duces mediators of angiogenesis such as vascular 
endothelium growth factor (VEGF), matrix 
metalloproteinase-2 (MMP-2), matrix metallo-
proteinase- 9 (MMP-9), and hepatocyte growth 
factor (HGF) [37]

 Macrophages

Obesity is characterized by the progressive infil-
tration of immune cells in adipose tissue. It is 
thought that most cytokines released by the fat 
tissue are derived from adipose tissue macro-
phages. The recruitment and activation of these 
cells are necessary for the development of com-
plications associated with obesity [38, 39]. 
Studies in obese mice have shown a marked infil-
tration of macrophages in white adipose tissue 
[40, 41]. It has been demonstrated that macro-
phages’ accumulation is directly related to the 

size of the fat cells and body mass index [14, 41], 
as well as the size of adipocytes located in the 
omentum and in the subcutaneous. This process 
has a negative correlation to metabolic health 
[42, 43].

The progression of obesity increases the num-
ber of macrophages in adipose tissue that may 
correspond up to 50% of the tissue cells [44]. On 
the other hand, the reduction of the adipose tissue 
results in a significant decrease in the number and 
the distribution of macrophages, leading to a 
decreased expression of inflammatory markers 
[45]. Macrophage infiltration increases the pro-
cess of low-grade inflammation of the white adi-
pose tissue (WAT) [46]. It is important to note 
that the macrophage, mostly located in the dead 
adipocytes, become the predominant producer of 
adipocytokines in white adipose tissue [47] and 
its infiltration in adipose tissue is stimulated by 
changes in the signal sent by the altered adipo-
cyte, resulting from its necrosis or death. In gen-
eral, M1 macrophages have pro-inflammatory 
activity, while M2 macrophages have anti- 
inflammatory activity and perform remodeling 
and tissue repair. In regard to the microenviron-
ment of adipose stromal cells: the M2 macro-
phages that reside in the fat tissue have a scattered 
distribution, maintaining its anti-inflammatory 
activity and preserving the insulin sensitivity in 
the liver and adipose tissue; M1 macrophages 
infiltrates the fat tissue, forming “crown-like 
structures” around the dying adipocytes, leading 
to inhibition of insulin sensitivity, which can 
cause systemic insulin resistance [47–50].

 Features of the Adipose Tissue 
Damaged by Inflammation

 Importance of Central Obesity
Vague was the first to draw attention to the impor-
tance of adipose tissue distribution. It was found 
that lower body obesity or subcutaneous is char-
acterized by a “pear-shaped” body, and it is more 
common in women, whereas the central or 
abdominal obesity has an “apple-shaped” body 
and is more common in men. Thus, two designa-
tions were proposed: “gynecoid obesity” to 
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express the accumulation of adipose tissue in the 
hip and thighs, loosely associated with metabolic 
complications, and “android obesity” to express 
the adipose tissue usually accumulated in the 
upper body area, closely associated with the met-
abolic syndrome and cardiovascular disease [51–
53]. The distribution of adipose tissue is an 
indicator of metabolic and cardiovascular risk 
more important than the obesity in general. 
Additionally, the inability of subcutaneous fat 
deposit to grow when there is a positive energy 
balance can lead to cardiovascular complications 
[54]. The amount of intra-abdominal fat is closely 
related to metabolic syndrome [55] and with low 
levels of adiponectin, an insulin sensitizer adipo-
cytokines [56]. The visceral white adipose tissue 
(WAT) is associated with hepatic steatosis and 
hepatic IR, and it is a risk factor for impaired glu-
cose tolerance, independent of BMI and exten-
sion of subcutaneous depot [57, 58], although 
some reports say that SAT can generate a sys-
temic flow of FFA greater than visceral or retro-
peritoneal fat, also capable of stimulating the 
development of IR [59]. Visceral fat storage 
capacity is relatively low compared to subcutane-
ous. Without available storage, lipids resulting 
from insufficient adipogenesis in the prediabetic 
obese individuals are delivered to the liver, heart, 
skeletal muscle, kidneys, and pancreas, causing 
accumulation of ectopic fat in these organs and 
cellular hypoxia [60–62], which can cause harm-
ful metabolic changes. Obese and lean individu-
als are born with a limited number of adipocytes. 
In obese individuals, the WAT growth is thought 
to be achieved through hypertrophy and not 
hyperplasia [63]. The adipocytes are individually 
wrapped by extracellular matrix (ECM) support, 
with specific collagens. The remodeling of the 
extracellular matrix and specially the degrada-
tion/redeposition cycles of collagen are essential 
to the expansion of adipocytes and adipose tissue 
[64]. However, in obese adipose tissue, excessive 
and unregulated deposition of collagen and other 
components of ECM (fibrosis) eventually 
restricts the expansion of adipocytes, thereby 
causing changes in these cells, and activation of 
inflammatory/stress kinase, resulting in adipose 
tissue disorganization and systemic metabolic 

dysfunction [65, 66]. Collagen VI actively par-
ticipates in the pathophysiology of adipose tissue 
fibrosis and metabolic dysfunction associated 
with obesity, and in obese patients with insulin 
resistance, collagen VI deposition is increased in 
WAT. Collagen VI deposition and adipose tissue 
fibrosis in the WAT coincide with the presence of 
activated adipose tissue macrophages (ATMs) 
that promote ECM remodeling and wound heal-
ing [43].

 Adipose Tissue Distribution
Obesity is characterized by excess body fat, and it 
is classified by the body mass index (BMI), a rela-
tion between the body weight and the square of 
the height (kg/m2). According to BMI, general 
population is classified into five categories: under-
weight (BMI <18.5 kg/m2); normal weight (BMI 
18.5–24.9  kg/m2); class I obesity, overweight 
(BMI 25.0–29.9 kg/m2); class II obesity, obesity 
(BMI 30.0–39.9  kg/m2); and class III obesity, 
extreme obesity (BMI >40 kg/m2) [29, 67].

The use of BMI as a unit of measure takes into 
account that adipose tissue has the same distribu-
tion throughout the body, as it does not consider 
different sites of body fat accumulation among 
individuals. Therefore, BMI does not represent 
dysfunctional adipose tissue and is not consid-
ered an accurate measure of metabolic disease. 
There are many individuals that present hyper-
glycemia, hyperinsulinemia, IR, hyperlipidemia, 
and hypertension despite having a lean body and 
a normal BMI.  People with this phenotype are 
called “metabolically obese normal weight” [68, 
69]. On the other hand, many people classified as 
obese, because of their high BMI, do not present 
the components of MS and have lower cardiovas-
cular risk when compared to the general popula-
tion; these individuals are called “metabolically 
healthy obese.” [71], and these “paradoxical obe-
sity” groups represent a topic of divergence amid 
the scientific community [71].

Subcutaneous adipose tissue (SAT) distribu-
tion, common in women, is related to metabolic 
protection, unlike central or intra-abdominal obe-
sity, typical of men, that often causes MS [72, 
73]. Considering the importance of fat distribu-
tion in metabolic disease, waist circumference 
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(WC) is considered a more reliable indicator of 
cardiometabolic risk than BMI. Waist circumfer-
ence ≥88 cm, in women, and WC ≥102 cm, in 
men, is considered an independent risk factor for 
the development of cardiovascular diseases and 
atherogenic dyslipidemia and determinates the 
degree of IR.

There is no explanation to how the adipose tis-
sue distribution occurs in the body regions. 
Several factors seem to interfere with the adipose 
tissue deposition, such as age, physical activity, 
nutritional status, growth hormone, glucocorti-
coids, sex steroids, sex, ethnicity, and genetic 
susceptibility.

 Metabolically Obese Normal Weight 
and Metabolically Healthy Obese
Considering the body fat composition and its dis-
tribution, four obesity phenotypes were described: 
normal weight obese (NWO), metabolically 
obese normal weight (MONW), metabolically 
healthy obese (MHO), and metabolically 
unhealthy obese (MUO).

Obese individuals called “metabolically 
healthy obese” (MHO) [77–79] do not present 
the metabolic disorders typical of obesity; thus 
they present a normal risk for CVD, atherosclero-
sis, hypertension, type 2 diabetes, dyslipidemia, 
and hyperuricemia [75, 76].

Initially, it was claimed that these patients 
had lower to no risk of developing CVD when 
compared to metabolically healthy normal 
weight (MHNW) patients. However, this is 
being questioned because there is some doubt 
about MHO phenotype prognosis. Studies have 
shown that metabolically healthy obese have an 
equal or lower risk of developing CVD [80–82], 
while other studies demonstrated that these indi-
viduals have a higher risk of developing CVD 
[83, 84]. Ultrasonography studies have shown 
thickening of the common carotid artery intima-
media layers and decreased flow-mediated dila-
tation of the brachial artery in these patients, 
suggesting deterioration of endothelial function 
and onset of atherosclerosis [85]. Moreover, 
HMO and metabolically unhealthy normal 
weight (MUNW) individuals show a greater 
inflammatory level when compared to metaboli-

cally healthy normal weight (MHNW) individu-
als, although this response is not as severe as in 
metabolically unhealthy obese (MUHO) indi-
viduals [86].

The “normal but metabolically obese” pheno-
type (MONW) was first described by Ruderman 
et  al. in 1981 and revised in 1998 [68, 87]. 
Although they present normal body weight and 
BMI, these individuals present obesity-related 
characteristics, such as hyperinsulinemia, hyper-
glycemia, premature insulin resistance, impaired 
glucose tolerance, hypercholesterolemia, and 
hypertriglyceridemia, and they will probably 
develop T2DM and CVD [88].
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Banded Gastric Bypass by Fobi 
Ring: Technique and Results

Mohit Bhandari, Hemant Kumar Nautiyal, 
Winni Mathur, and Susmit Kosta

Why banded gastric bypass? Banded gastric 
bypass was devised by Prof Fobi. Gastric bypass 
had incident of weight recidivism in many stud-
ies conducted in the past. At most studies it was 
documented that gastric bypass had a 50% excess 
weight loss at 5 years with some studies showing 
less than 30% weight loss as 5 years [1, 2].

Studies conducted by Fobi and Marc Bessler 
showed sustained weight loss with banded gastric 
bypass as compared to non-banded patients [3].

The banding of pouch was essential as the natu-
ral history of gastric pouch was dilatation, widen-
ing of anastomoses and patient eating into the 
Roux limb [4–6]. This resulted in weight regain 
and recurrence of comorbidities. Prof Fobi used a 
silicon ring to reinforce the gastric pouch [7]. The 
concept was that by reinforcing the pouch with a 
ring, the reservoir capacity of the pouch will be 
preserved, and dilatation of pouch can be stalled.

We have been performing banded procedures 
since 2011 at our centre.

 Technique

The gastric pouch has to be a lesser curvature- 
based pouch made over a 36 fr bougie. The length 
of the pouch is 8 cm and breadth is 2.5 cm. The 

volume of the pouch is 30–50 ml. Just below the 
second gastric vein, the pars flaccida is opened 
with harmonic shear. Once the lesser sac is opened, 
a blue or purple load of size 6 cm is fired (Fig. 16.1). 
A gastric tube of size 36 fr is placed, and vertical 
blue load is fired over the tube. The pad of fat over 
the stomach close to the left crus is dissected, and 
the two firings complete the gastric pouch.

A perigastric space is created 2.5  cm below 
the gastroesophageal junction, and the ring 
(GABp ring) of size 7 is placed loose around the 
pouch. The ring is placed in position with a stay 
suture at the staple line (Fig. 16.2).

An 80 cm biliopancreatic limb from the liga-
ment of Treitz was measured and transected. A 
Roux limb, 120 cm, was measured, and a side-to- 
side 3–4-cm-wide entero-enterostomy anastomo-
sis was formed.
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Gastro-jejunal anastomoses of size 2.5  cm 
are made with the Roux limb with a blue load, 
and the defects are closed with absorbable 
suture (Figs.  16.3 and 16.4). Both Peterson’s 

and mesenteric defects are closed with non-
absorbable sutures (Figs. 16.5 and 16.6).

 Our Centres’ Experience 
with Banded Gastric Bypass

 Results/Complications

On 5-year follow-up of our patients, our banded 
RYGB patients have 71.5% EBWL and 30.5% 
TWL, though %EBWL and %TWL at 3  years 
was slightly more (Fig. 16.7). These results are 
significantly more than our results of non-banded 
RYGB which is 60.6% EBWL and 24% TWL at 
5-year follow-up.

Similar results were shown by Luc Lemmen 
with 74% EWL in banded RYGB and 65.2% in 

Fig. 16.2 Banding pouch with Fobi ring

Fig. 16.3 Stapled Jejunojejunostomy

Fig. 16.4 Suture closure of enterotomy

Fig. 16.5 Mesenteric defect closure

Fig. 16.6 Petersen’s defect closure
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non-banded at 5  years with significant weight 
regain in non-banded RYGB patients [8].

In long-term follow-up of 10 years, banded 
RYGB fared significantly better than non-
banded RYGB, 82% and 63%, respectively, in 
study by William Awad [9]. Meta-analysis by 
Buchwald has also shown 72.5% EBWL at 
5 years [10].

At 5-year follow-up, we achieved 80% resolu-
tion of T2DM, 56% hypertension, 40% sleep 
apnoea, and 56% resolution of dyslipidemia sim-
ilar to our non-banded RYGB patients. Ten-year 
follow-up studies by William Awad have also 
shown 75% T2DM, 75% apnoea, and 66% dys-
lipidemia resolution which is significantly more 
than their non-banded RYGB patients [9]. 
Buchwald’s meta-analysis has also shown resolu-
tion rates for T2DM from 75.0% to 92.0%, with 
an overall rate of 84.2%, dyslipidemia resolution 
rates ranged from 33.6% to 76.7%, with an over-
all rate 39.8%. Respective overall resolution rates 
for obstructive sleep apnoea and hypertension 
were 91.4% and 58.0% [10].

In our experience RYGB patients whether 
banded or non-banded perform significantly bet-
ter than mini-gastric bypass or other more radical 
bypass procedure like SADI regarding long-term 
malnutrition. We had 19% anaemia, 10% hypoal-
buminaemia, 30% vitamin B12, and 45.6% cal-
cium deficiency at 5-year follow-up, which were 
corrected by dietary supplementation.

We have gradually simplified and perfected 
our technique which has led to very low com-
plication rate. So far we have already done 
2771 non-banded RYGB and 585 banded 
RYGB till October 2018. In perioperative 
period only one patient had to be reoperated 
for acute intestinal obstruction. Three patients 
had intra-abdominal bleeding which was man-
aged conservatively by blood transfusion in 
two patients and one patient required re-lapa-
roscopy. There was no case of documented 
marginal ulcer though many patients had com-
plaint of pain abdomen in their follow- up 
period. As in most of these patients, they had 
already taken proton-pump inhibitors, which 
could have led to healing of early marginal 
ulcer. Among long-term complications, one 
patient had ring erosion which got extruded 
intraluminally spontaneously. In two patients 
we had to remove the gastric ring due to persis-
tent dysphagia, though there was no mechani-
cal obstruction due to ring. Two patients 
underwent revision surgery for regain of 
weight. In one patient we did lengthening of 
biliopancreatic limb, and in second case stomal 
narrowing was done with argon plasma coagu-
lation and reinforcement suture for gastro- 
jejunal stomal dilatation. There was no 
mortality. Various studies have shown wide 
range of early (up to 26%) and late complica-
tions up to 79% [11]. With complication rate of 
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1.19% and similar revision rate in our study, 
banded RYGB is an excellent procedure with 
sustained weight loss results.
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Mini-Gastric Bypass 
and One- Anastomosis 
Gastric Bypass: Rationale

Mervyn Deitel, Cesare Peraglie, 
and David Hargroder

 Introduction

The mini-gastric bypass (MGB) was devised by 
Robert Rutledge in the USA in 1997. As a trauma 
surgeon, he was faced with an abdominal gunshot 
wound where a duodenal exclusion with a 
Billroth II anastomosis was an appropriate recon-
struction. This was the inspiration that led 
Rutledge to perform the MGB on consenting bar-
iatric patients, constructing a long lesser curva-
ture channel which prevents reflux [1, 2]. There 
was some initial skepticism of this new 
operation.

The authors of this chapter have been advo-
cates of the MGB since 2002. The MGB has 
since increased throughout the world [3–14]. 
With the decrease in gastric banding, the MGB in 
2016 is the third most common bariatric opera-
tion internationally [15] and the most common 
gastric bypass in India, Egypt, and Israel.

 Method of MGB

The laparoscopic MGB (Fig.  17.1) has two 
components: (1) a lesser-curvature long gastric 
pouch, serving as a slightly restrictive conduit, 
and (2) a 180–200  cm jejunal bypass with a 
wide antecolic gastrojejunal (GJ) anastomosis, 
which leads to carbohydrate and especially fat 
malabsorption.

 Creation of the Pouch

After making a window into lesser sac, the 
lesser curvature of the stomach is stapler-
divided at a right-angle distal to the incisura 
angularis (i.e., 2–3 cm distal to the crow’s foot). 
A 28–40 Fr bougie is passed by the anesthesi-
ologist, and the stomach is then stapler-divided 
proximally, parallel to lesser curvature. At the 
gastroesophageal (GE) junction, the surgeon 
divides this gastric conduit a few mm lateral to 
the angle of His; the cardia and left crus are 
explicitly avoided and not dissected, to prevent 
the leaks associated with the laparoscopic sleeve 
gastrectomy (LSG) operation [16, 17].

Thus, a low-pressure gastric conduit is con-
structed, unlike the high-pressure conduit of the 
LSG [18]. Attention is given to avoid any twist at 
the GJ anastomosis.
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 Creation of the Malabsorptive Jejunal 
Bypass

Attention is turned to the left gutter. The greater 
omentum is retracted medially to identify the 
ligament of Treitz. The jejunum is run to 
180 cm (Peraglie) or 200 cm (Hargroder) distal 
to Treitz’ ligament. Peraglie traces the jejunum 
with 2.5 cm grasps hand over hand to 180 cm. 
Hargroder uses the width of his paddle retractor 
(3.5″, 8.75 cm) to measure the 200 cm.

In super-obese patients, up to 250  cm of 
proximal jejunum may be bypassed. However, 
with lesser BMI with comorbidities such as 
diabetes, a shorter jejunal limb (150 cm) may 
be bypassed [19–22].

At the selected site, the tip or adjacent poste-
rior wall of the gastric pouch is anastomosed 
antecolic to the jejunum (can be fully stapled, 
hand-sewn or hybrid, and can be end to side or 
side to side), constructing a wide (3–4 cm) anas-
tomosis under easy view. The GJ anastomosis 
should be at least 300 cm proximal to the ileoce-
cal valve, to avoid protein malnutrition.

If a hiatal hernia (HH) is present, it is not 
repaired at the time of the MGB operation. If 
needed, HH repair can be performed 12–18   
months later. However, experience has shown 
that the MGB is very effective in resolving GE 
reflux disease (GERD). This is due to traction 
that the GJ provides on the gastric pouch, reduc-
ing the cardia into the abdomen, plus the decreas-
ing postoperative obesity.

However, if a large HH is present with adher-
ence to the gastric fundus, it is dissected and 
repaired at the time of MGB; otherwise, a large 
bulbous fundus could be left. In this instance, a 
few plicating sutures are placed to approximate 
the crura posteriorly (or occasionally anteriorly).

Thus, a nonobstructed sleeve conduit is cre-
ated, allowing slight restriction but adequate oral 
intake, accompanied by fat/carbohydrate malab-
sorption. Because the patient avoids carbohy-
drate which could produce rapid dumping, the 
intake has mainly fat malabsorption. The pouch 
in the MGB develops minimal dilatation, because 
there is no outlet narrowing by a stoma or pylorus 
[18]. There is slight increase in the number of 
stools per day (generally from 1 to 2), of no sig-
nificance. Prasad and Bhandari perform the MGB 
using robotics, which is advantageous [23, 24].

 Modifying the MGB

After the standard MGB, if ever necessary for 
inadequate or excess weight loss, the MGB can 

Fig. 17.1 MGB created by horizontal division distal to 
crow’s foot, and then vertical division upwards (~18 cm 
length), extending to the left of the angle of His. A 4-cm 
wide antecolic gastrojejunostomy is performed 200  cm 
(varied with the BMI) distal to Treitz’ ligament, providing 
malabsorption
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be modified by moving the GJ anastomosis dis-
tally or proximally, as a brief simple procedure 
[25]. The MGB can also be easily reversed in rare 
cases of intractable hypoalbuminemia or signifi-
cant excess weight loss; reversal entails stapler 
division along the GJ anastomosis (carefully 
inspecting the jejunal side), linear anastomosis of 
the gastric pouch to the matched bypassed stom-
ach, and closing the defect at the bottom of the 
gastric pouch with running suture [22].

 The One-Anastomosis Gastric 
Bypass (OAGB)

In 2002, after reading Rutledge’s initial paper 
showing the simplicity and safety of the MGB 
[1], Profs. Miguel A.  Carbajo and Manuel 
Garciacaballero in Spain (who had performed the 
RYGB for >10 years) began their variant of the 
MGB – the OAGB (BAGUA or bypass gastrico 
de una anastomosis) (Fig.  17.2)  – which has a 
similar malabsorptive component [26, 27]. 

Because of suspicion by others of potential reflux 
and cancer, they designed a MGB variant with 
side-to-side anastomosis of the biliopancreatic 
limb to the gastric pouch (rising on the remnant 
stomach), to facilitate emptying of biliopancre-
atic juice toward the efferent limb and thus pre-
vent reflux. The common limb (distal to the 
bypass) must always be ≥300 cm, to prevent mal-
absorption. In >3000 patients, Dr. Carbajo has 
not needed to revise any OAGB for reflux.

Thousands of OAGBs have been performed in 
Spain, Mexico, some Latin American countries, 
and Europe, and it currently represents 20% of 
the single-anastomosis gastric bypasses. The 
MGB itself, with the long gastric conduit, has a 
GE bile reflux problem in 0.7% of patients [14] 
(which may be treated conservatively or by a 
Braun jejuno-jejunostomy or RYGB). There has 
been no reported study comparing the OAGB to 
the MGB (which has the long conduit) with 
respect to GE reflux. The OAGB does take 
slightly longer to perform and is slightly more 
difficult to reverse than the MGB.

Fig. 17.2 OAGB with 
gastric pouch (~15 cm) 
and an antecolic 2.5 cm 
latero-lateral anastomosis 
between pouch and 
afferent jejunal loop 
which is suspended about 
8–10 cm above the 
anastomosis through an 
initial continuous suture 
which secures the loop to 
the gastric pouch’s staple 
line and with final fixation 
of the loop’s apex to the 
bypassed stomach. 
Biliopancreatic limb 
averages 200–350 cm. 
(Diagram provided with 
the permission of Dr. 
Miguel A Carbajo; 
Modification of Dr. 
Carbajo Laparoscopic 
One Anastomosis Gastric 
Bypass (OAGB/
BAGUA))
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 Revision to MGB for Lap-Band or 
LSG Failure

The MGB is being commonly used as a salvage 
procedure for weight regain after the lap-band or 
LSG [4, 28]. If there is long-term follow-up after 
LSG, sleeve dilatation and weight regain are 
often found, particularly after 4 years [29]. Also, 
GE reflux may become troublesome in >30% of 
LSG patients [30].

In revision of LSG to MGB, it is very impor-
tant not to construct a short gastric pouch (like the 
small pouch of the RYGB). A short, high gastric 
pouch with bile near the esophagus could lead to 
bile reflux esophagitis, as occurred occasionally 
after the old Mason horizontal loop gastric bypass 
[31]. Rather, for the MGB, a long gastric pouch 
must be constructed below crow’s foot.

 Advantages of MGB over the Single- 
Anastomosis Duodeno-Ileal Bypass 
with Sleeve Gastrectomy (SADI-S)

At the 2015 MGB Conclave [24], a number of 
surgeons had previous experience with the 
SADI-S (a one-anastomosis modification of the 
duodenal switch) [32]. They found SADI-S to be 
a longer operation: (1) SADI-S had the possibil-
ity of leak at the top of the SG; (2) it did not have 
the advantage of simple midline exposure; (3) it 
was necessary to mobilize proximal duodenum in 
the right gutter; and (4) it is more difficult to 
revise [33]. However, no comparative study 
between MGB and SADI-S has been reported.

 Rationale for Performing MGB  
or OAGB

In 2014, a consensus conference of MGB sur-
geons was held in Montreal, followed in 2015 
by a conference of MGB-OAGB surgeons at 
IFSO Vienna [34, 35] where the MGB-OAGB 
Club was formed (Fig.  17.3). These consen-
suses were under the leadership of Pradeep 
Chowbey (President of OSSI, past President of 
IFSO), Jean-Marc Chevallier (President of 

SOFCO), Robert Rutledge, K.S.  Kular, and 
M.  Deitel. A SurveyMonkey® questionnaire 
was filled out by 49 very experienced MGB-
OAGB surgeons before the 2015 meeting. 
These surgeons reported past experience with 
the other operations  – RYGB, banding, and 
LSG.  The survey identified 22,988 MGBs-
OAGBs, with average preoperative BMI 46.1 
(range 35–63). Mean operating time was 
60.7 minutes (range 35–127). Average hospital 
stay was 3.0  ±  1.6  days (range 1–5) and 
decreased with experience. Leak was reported 
in 8 patients (0.03%) (usually at the GJ), which 
is less than the troublesome proximal leaks fol-
lowing LSG [16]. Patients were usually ambu-
latory a few hours after surgery. Postoperative 
bleeding was reported in 9 patients (0.035%) 
and appears to be avoided by holding the sta-
pler compressed for >30 seconds before firing. 
With hypertension, it may be advisable to rein-
force the staple-line.

GE reflux was found preoperatively in 
15.3  ±  14.2% (SD) and postoperatively in 
4.6 ± 8.2%, i.e., GERD improved after the MGB, 
as demonstrated by Tolone [18]. About 1.5% of 
patients noticed bilious vomiting once every 
3 months. The underlying cause may be an ulcer 
or a short pouch. It had been very rare for a 
Braun jejuno-jejunostomy or RYGB to become 
necessary for bile reflux (0.7%) with the long 
gastric pouch [14]. Marginal ulcers were reported 
in 1.4 ± 1.8% (range 0–5), which is slightly less 
than after RYGB [36, 37]. Bowel obstruction 
due to internal hernia has been exceedingly rare 
in most practices.

If GE bile reflux does occur, patients should 
be questioned about smoking and NSAIDs 
(which are prohibited), alcohol, eating late at 
night, and consuming a lot of fried foods [22]. 
It is noted that alcohol after MGB (as after 
RYGB) is absorbed rapidly. If persisting 

Fig. 17.3 Logo of the MGB-OAGB Club (www.mgb-
oagb-club.com) which currently has >300 members
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 dyspepsia occurs, H. pylori or pouch kinking 
should be ruled out.

H. pylori (HP) stool antigen or breath test is 
checked preoperatively and treated if positive. 
HP is eradicated with helikit control before sur-
gery. However, Rutledge has stated that reinfec-
tion with HP may negate the value of preoperative 
eradication therapy.

The MGB Conclave in India in July 2015 
had 275 attendees [24]. It was reported that 
after MGB, EWL at 1  year was 76%, 2  years 
85%, 3 years 78%, 4 years 75%, 5 years 70%, 
later 70%. The 30-day mortality has been low – 
0.2%. Many of the MGB patients were high-
risk [12, 24].

In the USA, the second author of this paper 
(CP) has had no operative deaths (i.e., within 
30 days) out of 1800 MGBs over 13 years; the 
third author (DEH) has had no operative deaths in 
1450 patients over 13 years of MGB. Both sur-
geons were trained by Dr. Rutledge. There have 
been deaths of patients for other reasons in later 
years. Peraglie found no deaths in his super- 
obese patients [21] and in those age >60 [38].

 Intake Requirements

If there is indigestion, a proton pump inhibitor 
(PPI) may be prescribed. A PPI is important in 
treating marginal ulcer, as is eradication of H. 
pylori if present.

After MGB and OAGB, supplements consist 
of multivitamins, calcium (preferably dairy or 
calcium citrate), yogurt, vitamin D3 1000  IU 
twice daily, and an intestinally absorbed iron sup-
plement (Proferrin® – heme intestinal peptides). 
The duodenum where most iron absorption nor-
mally occurs is bypassed in the MGB-OAGB (as 
in the RYGB). Thus, in 5% of menstruating 
women, iron deficiency develops and requires 
increased oral iron or rarely IM or IV iron [39]. If 
B12 levels fall, replacement by sublingual crystal-
line B12 or injection becomes necessary.

Fruits and salads are well tolerated. Foods 
containing protein are important, e.g., meats, sea-
food, nuts, and dairy. Patients prevent “dumping” 
(weakness, sweating, diarrhea) by avoiding high- 

glycemic sugary foods. No intractable hypogly-
cemia has been reported. Fried, greasy, and fatty 
foods cause cramps and diarrhea (steatorrhea) 
and are thus avoided.

Vegetarians must take protein – legumes (len-
tils, beans, chick peas, peanuts, quinoa), yogurt, 
milk, soy (tofu) or whey protein, bran, brown 
rice, etc. Vegetables have incomplete protein, but 
multiple vegetables provide total amino acid 
requirements. In vegetarians and the elderly, it is 
usually wise not to bypass >200 cm of jejunum to 
avoid hypoalbuminemia [20].

 Fear of Development of Cancer 
Unwarranted

After RYGB, lap-band or LSG, carcinoma of 
the gastric pouch and lower esophagus was 
reported in 46 patients [40–42]. After LSG, 
Barrett’s esophagus may occur [43]. After MGB 
or OAGB, no carcinoma in the gastric pouch or 
esophagus has been reported. However, in the 
Far East where the incidence of gastric carci-
noma remains high, one gastric carcinoma in 
Taiwan 9 years after MGB has been reported in 
the bypassed stomach, but not in the pouch [44]. 
Although some workers have compared the 
MGB to the Billroth II operation performed for 
peptic ulcer and cancer for 100 years, studies for 
development of gastric carcinoma after the 
Billroth II have found a decreased incidence 
[45–47], even though H. pylori was unknown 
and thus untreated. Furthermore, after perform-
ing >1000 vagotomy and pyloroplasties (V&P) 
by the first author (MD) in the 1960s–1970s for 
then-prevalent duodenal ulcer (with postopera-
tive bile in the distal stomach), no gastric carci-
noma has developed.

There was also fear of development of gastric 
cancer due to the effects of bile and other irri-
tants in studies on the rat’s stomach. However, 
Frantz [48] and Proctor [49] showed that bile 
led to hyperplasia and neoplasia in the proximal 
two- thirds of the unique rodent’s stomach 
(which is squamous-cell), but not in the distal 
glandular third (which corresponds to the 
human stomach).
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 Advantages over Other Bariatric 
Operations

After LSG [29] and RYGB, variable weight 
regain has been found in the long-term [50, 51]. 
Comparative studies have documented more 
durable weight loss after the MGB [3, 13, 20, 
52–55]. Also, better quality of life has been found 
after MGB [56, 57]. Regarding diabetes type 2, 
Lee reported greater elevation of GLP-1 after 
MGB than after RYGB [56].

Diabetes, hypertension, and lipid abnormali-
ties have shown superior remission after MGB 
[58, 59]. Diabetes resolved in 75–95% [20, 60–
62]. Kular found in diabetic patients with BMI 
<35 that HbA1c at 7 years was 5.7 ± 1.8% [63]; 
earlier intervention resulted in higher remission 
rates. In the Indian population, comorbidities of 
the metabolic syndrome often start at BMI 25. 
About 800 Canadians of Indian descent with 
metabolic syndrome (especially type 2 diabetes) 
have undergone MGB in India, with excellent 
resolution [34].

After the Spanish OAGB (BAGUA), the same 
resolution of type 2 diabetes and other comor-
bidities has been found [64, 65], including in the 
massively obese adolescent [66].

 Conclusions

The MGB-OAGB has been found to be rapid, 
technically simpler and safer than other main-
stream procedures. Very rare leaks or bleeding 
have occurred, and a single nonobstructing 
antecolic GJ anastomosis enables easy reversal 
or revision. The jejunal bypass length is modifi-
able with the BMI, and the MGB and OAGB 
have shown durable weight loss and comorbid-
ity resolution. There should be surveillance for 
possible hypoalbuminemia and iron deficiency 
anemia. However, the foregoing advantages 
provide the rationale for these bariatric 
operations.
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Simplified Gastric Bypass: 
The Brazilian Technique

Almino Cardoso Ramos 
and Eduardo Lemos de Souza Bastos

 Introduction

Despite the exponential growth of laparoscopic 
sleeve gastrectomy (LSG) indications in recent 
years, which now accounts for about 50% to 60% 
of all bariatric procedures [1, 2], Roux-en-Y gas-
tric bypass (RYGB) is still considered the “gold 
standard” operation for morbid obesity based on 
its better long-term weight loss and control of 
comorbidities. Since the original description more 
than 50 years ago [3], gastric bypass (GB) under-
went several technical changing and improve-
ments over time, resulting in the current concept 
of small vertical gastric pouch, narrow gastrojeju-
nostomy, and Roux-en-Y reconstruction with lon-
ger limbs. After so many technical proposals, the 

expected result is the absence of a universally 
accepted step-by-step systematization [4]. Gastric 
pouch size, restriction ring placement, gastrojeju-
nostomy stapled or hand- sewn and calibrated or 
non-calibrated, intestinal time before or after the 
gastric pouch construction, transmesocolic or 
antecolic pathway, lengths of the alimentary and 
biliopancreatic limbs, closure of the mesenteric 
spaces, staple- line reinforcement, and drainage of 
the peritoneal cavity are just some topics still 
under debate. However, some principles such as 
the use of the laparoscopic approach, the creation 
of a small vertical pouch, Roux-en-Y reconstruc-
tion, and longer limbs appear to be widely 
accepted and commonly practiced by most sur-
geons nowadays.

Since the end of the year 2001, the excellence 
team in Bariatric and Metabolic Surgery at Gastro 
Obeso Center (Sao Paulo, Brazil) started to per-
form the laparoscopic RYGB with a more simpli-
fied systematization, whose safety and feasibility 
were presented in 2004 with more than 500 
patients operated [5], and a large series involving 
12,000 patients was subsequently published [6]. 
This standardization became known as “simpli-
fied gastric bypass” or “simplified Brazilian gas-
tric bypass technique” and has since been adopted 
as technique of choice by several other bariatric 
surgeons [7–10].

The main purpose of simplified gastric bypass 
is to make the procedure technically easier and 
more reproducible, shortening the learning curve 
and contributing to the expansion of the laparo-
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scopic RYGB.  To date, the excellence team in 
Bariatric and Metabolic Surgery at Gastro Obeso 
Center has already submitted more than 20,000 
morbidly obese patients to simplified gastric 
bypass, being arguably one of the most expres-
sive experiences in the laparoscopic RYGB tech-
nique worldwide. More recently, simplified 
gastric bypass has also been performed through 
robotic platforms [11], but the step-by-step tech-
nique is quite similar to the traditional laparo-
scopic approach.

 Laparoscopic Simplified Gastric 
Bypass: Step-by-Step Technique

 Position the Patient and the Surgical 
Team

The operation is performed with the patient in 
horizontal dorsal decubitus with open legs and 
pronounced reverse Trendelenburg position (35–
45 degrees). Fixation on the operating table is 
accomplished by placing a leather belt below the 
waist line. In addition, the lower limbs are also 
attached to the surgical table using bandages at 
the level of the thighs and knees. The surgeon 
remains between the legs of the patient 
(Fig. 18.1), with the first assistant, who manipu-
lates the camera and the auxiliary tweezers, and 
the instrumentator on his right side. Typically, 
bladder catheterization is not performed. 
Antibiotic prophylaxis is routinely used. The pre-
vention of thromboembolism is made using grad-

uated compression stockings, pneumatic boots of 
intermittent compression, and administration of 
low molecular weight heparin, which is main-
tained for 10  days after discharge. A 32-gauge 
Fouchet-type gastric probe is placed in the stom-
ach by the anesthesiologist before the onset of 
pneumoperitoneum.

 Pneumoperitoneum and Placement 
of the Trocars

The pneumoperitoneum is routinely performed 
with direct puncture with a Veress needle in the 
left upper quadrant, near the costal margin at the 
level of the midclavicular line (Palmer’s point). 
The initial pressure is set at 16 mmHg and main-
tained till the expected pressure (from 15 to 
16 mmHg) is reached. The laparoscopic approach 
of the abdominal cavity is initiated through tro-
car number 1, permanent 10  mm, placed at 
mesogastrium, 12–15 cm below the xiphoid pro-
cess and 3 cm to the left of the midline, and used 
for the insertion of a 30-degree optic/camera. 
The trocar number 2 (5 mm, permanent) is 
placed near the xiphoid process for the liver 
retractor, which is usually a stick/probe attached 
to the surgical field with the aid of Backhaus for-
ceps and surgical dressing. The trocar number 3, 
12-mm disposable, used by the surgeon’s left 
hand, is placed on the right side of the patient in 
an intermediate position between the two ante-
rior and 3–5 cm laterally to the midline. The tro-
car number 4, also 5-mm permanent, is placed 
along the left costal margin in the anterior axil-
lary line and used by the first assistant. Lastly, 
the trocar number 5, 12-mm disposable, is placed 
adjacent to the left costal margin in the hemicla-
vicular line to surgeon’s right hand manipula-
tion. The pneumoperitoneum is usually 
maintained by trocar number 5 (Fig. 18.2).

 Gastric Pouch Construction

The preparation to create the gastric pouch is ini-
tiated with the dissection of the esophagogastric 
angle (His) and the opening of the left gastro-

Fig. 18.1 Patient’s position: pronounced reverse 
Trendelenburg position with the surgeon in between 
patient’s legs
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phrenic ligament with ultrasound scissors, so as 
to expose the lateral aspect of the left diaphrag-
matic pillar. Then, the exeresis of the fat pad of 
the esophagogastric junction (Belsey’s fat) is 
done. The lesser curvature is opened between the 
second and third gastric vessel, also with 
Ultracision®, getting access to the posterior gas-
tric wall. The first firing of the linear cutting sta-
pler is performed through trocar number 3 in the 
horizontal direction loaded with a 45  mm blue 
cartridge (Fig. 18.3). Then, the retrogastric space 
is dissected until complete visualization of the 
left diaphragmatic crus, and a vertical staple-line 
is performed through trocar number 5 in cranial 
direction, also with blue cartridges of 45 mm, fin-
ishing the gastric pouch, always keeping safe dis-
tance from the esophagus of at least 0.5 cm from 
gastric tissue to esophagogastric angle (Fig. 18.4). 
The staple-lines of both bypassed stomach 
(Fig.  18.5), and gastric pouch are submitted to 
continuous and transfixing suture reinforcement 
of absorbable sutures (3-0 Caprofyl®).

 Gastrojejunostomy

Aiming the ascent of the jejunal loop to the 
supramesocolic area, the greater omentum is 
mobilized to the upper abdomen and completely 
divided caudo-cranially using ultrasound scis-
sors. This maneuver allows easy access to duode-
nojejunal angle to define the length of 
biliopancreatic limb, usually 100 cm for BMI up 
to 50 kg/m2 or 200 cm for super-obese patients. 
Keeping the proximal part of the jejunum always 
to the right side of the surgeon, the jejunal loop is 
moved to the upper abdomen without division, 
similarly to the isoperistaltic Billroth II recon-
struction. In this way, the surgeon can set the 
length of preference for biliopancreatic limb and 
the gastrojejunostomy (GJ) accomplishment. 
After doing two small holes with ultrasound scis-
sors – one on the jejunal loop and the other on the 
posterior surface of the gastric pouch – the GJ is 
performed using a 45 mm linear cutting stapler 
loaded with white cartridge, introduced by trocar 
number 3. A calibrated GJ is carried out using 
only the final portion of the stapler (15  mm) 
(Fig. 18.6). The aperture was sutured with run-
ning absorbable seromuscular suture (Caprofyl® 
3-0), having a 32-Fr Fouchet probe type for cali-
bration. Interrupted seromuscular sutures with 
nonabsorbable thread (Ethibond® 2-0) are rou-
tinely applied at the GJ angles in order to decrease 
the tension in the anastomosis and to collaborate 
with maintaining the original diameter in the 
long term (Fig. 18.7).

 Petersen Space Closure

With cranial traction of the mesocolon – close 
to the medial part of the transverse colon toward 
to the liver –, the Petersen space is closed with 
continuous double layer of nonabsorbable 
suture (Ethibond® 2-0), starting close to trans-
verse colon border toward the lower angle of 
the space and returning to the starting point 
with the same unabsorbable thread, similar to a 
gastrointestinal anastomosis in two layers 
(Fig. 18.8). This technique aims to avoid small 

Fig. 18.2 Trocars set placement position

Fig. 18.3 Pouch construction: first stapling, horizontal, 
starting in the second vessel in the lesser gastric curvature
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holes between the suture loops, especially after 
large visceral fat losses. It is worth noting that a 
good exposure of the surgical field greatly 
facilitates the technical execution of the com-
plete closure of the Petersen space, with low 
risk of complications.

 Entero-entero Anastomosis (EEA)

From the GJ, in distal jejunum direction and 
according to the surgeon’s preference, a seg-
ment of 1  m of jejunum was measured to be 
anastomosed to the biliopancreatic limb on the 
afferent portion of the GJ, thereby determining 
the length of the alimentary limb (Roux limb) 
(Fig. 18.9).

The EEA is performed in the anisoperistaltic 
way, with 45  mm white cartridge stapler. After 
reviewing the possibility of internal bleeding on 
the stapler line, the aperture made for stapler jaws 
placement is closed with running seromuscular 
absorbable suture (3-0 Caprofyl®). The new- 
created mesenteric defect between the mesentery 
of the biliopancreatic limb and common channel 
is also routinely closed with continuous nonab-
sorbable suture (2-0 Ethibond®).

After finishing the EEA, about 250  ml of 
saline solution stained with 10 ml of methylene 
blue are introduced through Fouchet probe to 
verify the integrity of both anastomoses previ-
ously performed (GJ and EEA) and still con-
nected through double omega reconstruction. 
Then, the portion corresponding to biliopancre-
atic limb is sectioned close to the GJ to convert 
the initial format of double omega to Roux-en-Y 
technique (Fig. 18.10).

When it is rarely necessary, a tubular silicone 
drain is exteriorized through the trocar number 4. 
The trocars, then, are removed under direct visu-
alization and in case of bleeding the correspond-
ing incision was closed with Vicryl® 0. All skin 
incisions are closed with absorbable intradermal 
interrupted sutures (Monocryl® 3-0).

In summary, after 18 years of experience and 
over 20,000 patients operated only at Gastro 
Obeso Center, the simplified gastric bypass 
remains a feasible and safe technique with a low 

Fig. 18.4 Pouch construction: last vertical stapling, with 
perfect visualization of the tip of the blue cartridge, keep-
ing a safe distance from the esophagus

Fig. 18.5 Running absorbable transfixant reinforcement 
suture at the bypassed stomach

Fig. 18.6 Stapler positioned for GJ calibrated to 15 mm 
with white cartridge

Fig. 18.7 GJ angle reinforcement
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rate of complications. In addition, the high repro-
ducibility provided by this simplified step-by- 
step technique is especially interesting for 

training and teaching in bariatric surgery, short-
ening the learning curve.

a b

c d

Fig. 18.8 Technical sequence of the continuous double 
layer Petersen space closure. (a) Starting the running 
suture close to transverse colon edge; (b) first layer fin-

ished; (c) backing to the starting point with the second 
layer of continuous nonabsorbable suture; (d) finishing 
the Petersen space closure

Fig. 18.9 Lengthening the alimentary limb for an omega 
side-to-side anastomosis with the biliopancreatic limb

Fig. 18.10 Final section of the biliopancreatic limb close 
to GJ, converting the initial double omega reconstruction 
to a final Roux-en-Y fashion
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in the Elderly Patient
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and Marco Aurelio Santo

 Introduction

The problem of obesity as a disease in the elderly 
began to draw the attention of the medical com-
munity for about two decades [1]. Since then, we 
have noted the continued increase in life expec-
tancy of the population and, in parallel, the signifi-
cant increase in the prevalence of obesity in all age 
groups and in particular the elderly. In the United 
States, the rate of obesity in men and women aged 
60 or more jumped from 12.3% and 16.5%, 
respectively, between 1976 and 1980 to 36.6% and 
42.3% between 2009 and 2010 [2]. In Brazil, the 
population over 60 has doubled in the last 20 years. 
The prevalence of overweight and obesity in this 
age group has also increased, reaching 57.8% and 
19.8% of subjects, respectively [3].

Excess body fat in the elderly is associated 
with increased incidence of metabolic (type II 
diabetes, dyslipidemia) and cardiovascular dis-
eases (hypertension, coronary insufficiency), 
orthopedic (osteoarthritis), and even increased 
risk of dementia [4]. Moreover, it can lead to 
worsening of functionality, understood as the 
individual’s ability to perform daily activities 
independently [5]. Functionality can be mea-

sured through simple questionnaires that assess 
an individual’s ability to exercise these activities. 
The reduction in functionality relates to worsen-
ing of quality of life, frailty, and increased risk of 
mortality [6]. Frailty is a concept that describes 
the reduction of physiological and functional 
reserve of the individual, and in the elderly it is 
characterized by weakness, exhaustion, and slow 
activity. In this context, obesity in the elderly 
population has a significant impact on public 
health, with increased spending related to treat-
ment and care for these patients in the final stage 
of their lives [7]. Therefore, there is a growing 
concern with the treatment of obesity in older 
adults in recent years.

The goals of obesity treatment may vary 
according to age groups: while in the youth popu-
lation, prevention of systemic complications, risk 
reduction, and treatment of comorbidities such as 
diabetes, hypertension, and dyslipidemia are the 
main goals; in the elderly priority is to improve the 
quality of life and increase survival with less dis-
ability. In this context, reducing the amount of 
medication to control chronic diseases, the 
improvement of mechanical aspects related to 
mobility and functionality are outcomes related to 
those purposes [8]. Sarcopenia is the process of 
replacement of lean body mass by body fat that 
affects the elderly, especially from 65, to a greater 
or lesser degree. It is characterized by increased 
visceral fat and loss of peripheral muscles, which 
leads to reduced strength and performance (ability 
to walk in a certain rhythm) which, therefore, 
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affect the functionality. For a long time, it was con-
sidered that the treatment of obesity in the elderly 
could be harmful, because it could lead to exces-
sive muscle loss in individuals who already have 
some degree of sarcopenia, functional deteriora-
tion, and even increased risk of falls and fractures 
[9–11]. It’s been established then that the candi-
dates for treatment should be individuals who had 
poorly controlled medical comorbidity and func-
tional impairment, with the objectives of the loss 
of visceral fat with the preservation of skeletal 
muscle mass. Diet, physical activity, and lifestyle 
modification are the pillars of the clinical treat-
ment of obesity in these individuals [12]. Several 
studies have shown that this association promotes 
satisfactory weight loss with preservation of lean 
body mass and functionality in elderly subjects 
with mild obesity (Grade I). Furthermore, it’s been 
already shown that this type of intervention 
increases survival [13]. The use of specific medi-
cation for obesity in the elderly should be done 
with extreme caution, because of side effects and 
the risk of drug interactions, considering the fre-
quent use of polypharmacy in this population [14].

Bariatric surgery in the elderly has always 
been a paradigm. Although indications for adult 
patients is well established and has its well- 
defined rules, the same is not true for elderly 
patients. The first directive establishing the bar-
iatric surgery indication criteria, published by the 
National Institute of Health (NIH) of the United 
States in 1991 and used as a reference for this 
practice since, has not set strict age limits for the 
elderly [15]. It was recommended, however, that 
patients older than 65 years should be assessed 
individually and carefully in order to establish 
the benefit/risk of surgical treatment. A review by 
the American Society of Bariatric Surgery in 
2004 made the statement based on age more lib-
eral. In Brazil, the resolution of the Federal 
Council of Medicine of 2005 specified that the 
elderly could only be operated by special precau-
tions and reviews of “cost-benefit ratio” [16]. In 
an article reviewing the criteria of the NIH, 
Yermilov et al., in 2009, proposed that for patients 
over 65 years, the indications for surgery should 
be more rigid, only for patients with a BMI above 
40 kg/m2 and with more severe degrees of diabe-

tes, hypertension, sleep apnea, or chronic joint 
pain [17]. However, little importance was given 
to the worsening of quality of life as an indication 
factor. More recently, IFSO (International 
Federation of Obesity Surgery) published guide-
lines highlighting the importance of assessing 
risks and benefits of surgical treatment in these 
patients and that the ultimate goal would be to 
improve the quality of life, not really expecting 
significant increase in survival [18]. In the other 
hand, Perry et al. [19], in 2008, had already dem-
onstrated the increased survival of morbidly 
obese patients operated with more than 65 years 
when compared to nonoperated ones. 
Nevertheless, currently, the surgical treatment of 
obesity in patients over 65 years remains contro-
versial, with a lack of specific criteria or out-
comes that characterize the potential benefits.

The increased surgical risk in patients over 
65  years is certainly a limiting factor for the 
broader indication of bariatric surgery in this 
population [6]. The use of specific risk scores, 
such as the Obesity Surgery Mortality Risk Score 
(OS-MRS), may be useful in selecting patients 
and has been used by some authors [20]. The 
choice of conventional or laparoscopic approach 
and the surgical technique is also related to it. 
The advantages of laparoscopy in this particular 
situation are evident. Among the most used surgi-
cal techniques, sleeve gastrectomy (SG) and 
Roux-en-Y gastric bypass (RYGBP) are the most 
frequent. In Brazil, RYGBP is still the surgical 
technique most commonly used for the treatment 
of morbid obesity and has been, currently, the 
most used in the elderly population.

Regarding the benefits, most studies evaluate 
the usual outcomes of bariatric surgery as weight 
loss and control of metabolic and cardiovascular 
comorbidities. In general, older people lose less 
weight than younger adults do but have similar 
levels of comorbidity resolution [21, 22]. 
Particular endpoints in the elderly, such as 
improved functionality, reduced frailty, and 
improved quality of life, have not been studied 
[7, 8]. The presence of sarcopenia can be one of 
the factors that compromise the effectiveness of 
weight loss in this population. On the other hand, 
the great weight loss in these individuals may 
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increase the risk of falls and fractures leading 
paradoxically to a worsening of functioning and 
quality of life. Therefore, the goal of weight loss 
in the elderly undergoing surgical treatment 
should be different.

Evaluation of the elderly for bariatric surgery 
should be done from the geriatrics perspectives, 
which includes several of the issues mentioned 
here and serves to a better understanding of the 
overall health of the individual [23]. In our unit, 
we have applied the comprehensive geriatric 
assessment (AGA), an instrument used for the 
evaluation of elderly, which aims to identify dis-
eases, functional and cognitive limitations, as 
well as physical and psychosocial weaknesses to 
generate approach strategies and more effective 
treatments, considering functional loss and mor-
tality. A study of patients over 60 years in prepa-
ration for bariatric surgery has shown that there 
was significant reduction in functionality in those 
with a BMI above 47 kg/m2 [24].

We also believe that the preoperatively assess-
ment of bone mass and body composition in 
these individuals is essential. This can be done by 
bioimpedance absorptiometry or dual energy 
X-ray absorptiometry (DEXA) [25]. 
Postoperatively, special attention should be given 
to nutritional supplementation to ensure adequate 
intake of protein and adequate physical activity 
for their age, preventing excessive loss of muscle 
mass. Follow-up with functional tests and body 
composition should be routinely performed.

The benefits of bariatric surgery in the elderly, 
with regard to the control of comorbidities, 
improved quality of life, and increased life expec-
tancy, have already been shown in midterm fol-
low- up. Longer follow-up with the 
implementation of comprehensive geriatric 
assessment is needed for more comprehensive 
and systematic assessment of the benefits of this 
treatment in the overall health of the elderly.

 Results from the Surgical Treatment

Surgical morbidity in patients over 60 years under-
going laparoscopic or conventional gastric bypass 
is no different from that observed in younger sub-

jects. Dunkle-Blatter et al. [26] reported the same 
rates of major complications and mortality in 30 
and 90  days. Similar results were reported by 
Hazzan et  al. [27] and St Peter et  al. [21]. In 
Medicare patients, who usually wait longer for 
surgery and have more comorbidities, Hollowell 
et al. [28] have also reported the same results.

When we analyze patients over 65 years oper-
ated by open surgery, the scenario is a bit differ-
ent. A survey in US database (National Hospital 
Discharge Survey and National Inpatient Survey), 
analyzing more than 25,000 bariatric surgeries, 
revealed mortality of 3.2% in the elderly sub-
jected to open RYGBP (against 0.2 to 0.7% in the 
younger population) and adverse outcomes in 
32.3% (against 21.6% in the younger) [29]. 
Nelson et al. [30] reported a 4% mortality and risk 
of surgical complications up to 20% of patients. 
More recently, O’Keefe et al. [22] analyzed 157 
patients over 65  years undergoing laparoscopic 
RYGB in specialized centers of high surgical vol-
ume in the United States (“Centers of Excellence”) 
and reported major complications in 7% and 
minor complications in 33.1%. In comparison to 
the younger population subjected to the same sur-
gical technique in the same centers, the elderly 
had similar complication rate but higher mortality 
(1.3% versus zero to 0.4%). Nevertheless, the 
study considered the procedure safe and effective 
for patients over 65 years and suggests that age 
should not be a barrier for patients with severe 
obesity. Dorman et al. [31] concluded that the age 
over 65 alone was not a predictor of surgical com-
plications nor corresponds to longer hospital stays 
compared to the adult-young people. In a recent 
systematic review, Chow et al. [32] showed that 
bariatric surgery performed laparoscopically in 
patients over 65  years is safe, with an average 
mortality of 0.14%.

Regarding the control of comorbidities, 
Nelson et al. [30] reported resolution of 100% of 
cases of type 2 diabetes and GERD in patients 
undergoing gastric bypass, in addition to 
improvement reported in frames of AOS, arthrop-
athy, and hypertension, 77%, 91%, and 67%, 
respectively. Besides, a decrease in the number of 
medications used to treat comorbidities was 
observed in 50% of patients. Quebbemann et al. 
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[33] also reported significant improvement in 
quality of life and reduced medication use in 
elderly patients undergoing LRYGB.

In a study conducted in our unit [34], a retro-
spective evaluation of patients over 60  years 
undergoing open RYGB, the average follow-up 
time was 5.9 years (71 months). Thirty patients 
were between 60 and 65 years and had 16 over 
65  years at the time of operation. The average 
excess weight loss was 71.8%, similar to the result 
observed in younger individuals with no differ-
ence between patients with more or less 65 years. 
The resolution rate of comorbidities such as type 
II diabetes and hypertension was similar to those 
seen in younger populations. However, patients 
with more than 65 years had a higher rate of com-
plications (26.6% × 37.5%), including wound 
infection and incision hernias. On the other hand, 
the incidence of nutritional deficiencies in the 
medium and long term was very low, because of 
the high adherence rate of this group of patients to 
postoperative follow-up and regular use of vita-
min and micronutrients supplements.

The results of surgical treatment with pub-
lished RYGB by different authors are listed in 
Tables 19.1,19.2, and 19.3.

Few studies compared the different surgical 
techniques in this population. Most of them are ret-
rospective or prospective nonrandomized or have 
analyzed only one technique [37]. Recently, Moon 
et  al. [43] concluded that, in elderly, weight loss 
with RYGB was higher but Sleeve’s surgical mor-
bidity was lower and there was no difference in the 
resolution of comorbidities between the two tech-
niques. Garofalo et  al. [44] performed the sleeve 
gastrectomy in 27 individuals, mean age 67.2 years 
and mean BMI of 44.1; the loss of excess weight 
was 53.8 + − 19% in 12 months and 52.9 + − 21% 
in 36  months, and there was no mortality in the 
series. He also noted that BMI >45 and the pres-
ence of type II diabetes were relevant factors for 
inadequate weight loss and weight regain in a short 
time. Pequignot et al. [45] also demonstrated that 
the Sleeve is a safe technique for patients over 
60  years, with complication rates up to 30  days 
similar to younger adults (17.9% and 17.6%).

Table 19.1 RYGB outcomes in the elderly

Author Mean age
Preoperative 
BMI Intervention

Mean 
follow-up

Excess weight 
loss % Mortality

Nelson  
2006 [30]

68 + −1 50 + −3 (PRE) OGBP 9 months 45% + −7 4% (90 DAYS)

Blatter  
2007 [26]

62 49.3 + −7,5 OGBP 13.8 months 54.9% + −16.6 1.64% (30/90 
DAYS)

Thereaux  
2015 [35]

62.6 + −2.3 45.6 + − 6.4 LGBP 36 months 63% + −18.7 2.1% (30 
DAYS)

Pajecki  
2015 [34]

64 49,63 OGBP 5,9 years 72% 4,3% (90 
DAYS)

Montastier 
2016 [36]

61.9 43.9 + −5.3 LGBP 24 months 31.8% + −7.2 –

Huang  
2015 [37]

58.88 + −2.6 40.5 + −7.3 LGBP 80.3 months – 2.3%

Chow 2015  
[32]

67.6 46.2 LGBP 26.6 months 66.2% 0,14% (30 
DAYS)

Sosa  
2004 [38]

64.4 48.5 OGBP 12 months 65% 4,3%

Wittgrove  
2009 [39]

63.4 45.2 LGBP 12 months – 0%

Willkomm  
2010 [40]

68 45 LGBP 24 months 83.4% 0%

Giordano  
2015 [41]

59.43 + −3.81 46.21 + − 7.47 LGBP – 64.48% + −18.44 0% (30 DAYS)

Robert  
2014 [42]

61.7 41.3 + −1 LGBP 12 months 73.7% + −4.5 4%

D. Pajecki et al.
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 Conclusions

Roux-en-Y gastric bypass can be safely per-
formed in the elderly, but laparoscopic RYGB is 
particularly safer than open RYGB in patients 

over 65 years. Evaluation of body composition, 
bone health, and functionality should be per-
formed before and after surgical treatment in 
these patients. More data about long-term out-
comes of bariatric surgery in this population is 

Table 19.2 Postoperative complications following 30/90 days

Author Bleeding Fistula/Leak Obstruction
Acute pulmonary 
embolism

Deep venous 
thrombosis

Incisional 
hernia

Blatter  
2007 [26]

3.28%/1.64% 0%/3.8% 1.64%/0% 0% 0% 0/3.28%

Pajecki  
2015 [34]

4,3% 4,3% 4,3% 2,2% 2,2% 10,8%

Huang  
2015 [37]

– 6.8% 4.6% – – –

Chow  
2015 [32]

1.94% – 1.53% 2.96% – –

Sosa  
2004 [38]
Wittgrove  
2009 [39]

2,5% 0% 0% 0,85%

Willkomm  
2010 [40]

1% – – 3% – –

Giordano  
2015 [41]

3,7% 0,7% – 1,4% – –

Robert  
2014 [42]

4% 0% 4% 0% – –

Table 19.3 Resolution of comorbidities

Author Diabetes Hypertension OSA Joint pain GERD
Nelson  
2006 [30]

100% (remission) 67% (remission/
improve)

77% (remission/ 
improve)

91% (improve) 100% 
(remission)

Blatter  
2007 [26]

53.5% 
remission/97.7% 
improve

30% remission/76% 
improve

–

Thereaux 
2015 [35]

53.3% remission/80% 
improve

18.8% 
remission/75% 
improve

60.6% remission 
/87.9% improve

42.1% remission 
/73.1% improve

–

Pajecki  
2015 [34]

77% remission/23% 
improve

30% remission/26% 
improve

– – –

Montastier 
2016 [36]

59% remission 27% remission 80% remission – –

Huang  
2015 [37]

69.2% remission 56% remission – – –

Sosa  
2004 [38]

75% remission 91% remission /
improve

67% remission – –

Wittgrove 
2009 [39]

75% remission 88% remission 94% remission – –

Willkomm 
2010 [40]

63% remission 23% remission – – –

Giordano 
2015 [41]

25% remission 5% remission – – –

Robert  
2014 [42]

37% remission/58% 
improve

45% remission/50% 
improve

– – –
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necessary before we have more clear guidelines 
indicating which patients should or should not go 
to surgical treatment.
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 Introduction

The World Health Organization estimates that 
about 13% of the world’s adult population were 
obese in 2014 and 39% were overweight. It has 
been consolidated in the literature that bariatric 
surgery is the most efficient treatment to provide 
a sustained weight lost [1–3]. This factor associ-
ated with the increase of safety of procedure has 
contributed to an increase in the number of sur-
geries during the last decade. However, during 
2013, only 0.01% of world’s population under-
went bariatric surgery, showing a significant dif-
ference between the number of procedures and 
the actual obese population [4].

The most commonly used technique in 2013 
was the Roux-en-Y gastric bypass (RYGB); 
however, there is a trend in reducing its propor-
tion worldwide, while sleeve gastrectomy is ris-
ing [4]. Due to its wide use and rates of weight 
regain or insufficient weight loss, RYGB patients 
with failure of treatment can become even more 
common, and bariatric surgeons should know 
how to correctly evaluate and conduct these 
patients.

 Gastric Bypass Results

Laparoscopic RYGB (LRYGB) was first 
described by Wittgrove and Clark in 1994 [5], 
and of all bariatric surgeries in the world, 95.7% 
were performed laparoscopically [4]. Schroeder 
et al. (2011) observed a faster postoperative recu-
peration, a shorter hospital stay, and a lower inci-
dence of surgical site complications, such as 
hernias and dehiscences in the laparoscopic 
approach [6]. Other advantages include a 
decreased impairment due to pulmonary compli-
cations, diminished parameters of systemic 
injury, and a dramatic reduction in the frequency 
of wound infection [7]. Thus, patients who were 
submitted to a laparoscopic surgery showed a 
better recuperation and an early return to the 
daily activities.

Gastric bypass can promote weight loss of 
39% of preoperative weight, in the long term [8], 
and around 65% of excess of weight loss 
(%EWL), type 2 diabetes mellitus (T2DM) con-
trol and remission, and hyperlipidemia and 
hypertension remission [9]. This high efficacy to 
control T2DM (about 80% for RYGB) occurs by 
different mechanisms besides the known restric-
tive and malabsorptive components that include 
regulation of gut hormones with incretin effect 
[10, 11]. The remission of hypertension might be 
related to EWL itself, leading to an improvement 
in the cardiac autonomic control directed to the 
heart, which might be related to an increase in the 
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parasympathetic modulation to the heart after 
bariatric surgery [12]. Therefore, associated with 
the benefit of EWL, RYGB can provide resolu-
tion of obesity-related comorbidities.

However, several studies show rates of up to 
54% of failure to lose weight or weight recidi-
vism. RYGB patients can have 23% of weight 
regain from nadir weight [8].

Some technical aspects of the RYGB opera-
tion are being modified intending to prevent 
relapse of obesity and comorbidities. These 
changes can modify the restrictive (size of the 
gastric pouch) or disabsorptive component 
(length of intestinal limbs). Too much care is 
taken in gastric pouch construction, since techni-
cal error during this step can promote postopera-
tive pouch dilation. A large pouch allows a return 
to the erroneous alimentary habits like overfeed-
ing and smaller weight loss [13–15]. To provide a 
higher food restriction, a silicone ring around the 
new gastric pouch can be added [5, 6]. 
Gastrojejunostomy is also a concern, because it 
can limit gastric emptying and prevent overfeed-
ing. Different techniques of this anastomosis can 
be used, and studies did not show any differences 
between anastomoses with circular stapler or lin-
ear stapler or hand sewn in relation to early com-
plications and weight loss [16, 17]. Furthermore, 
the length of intestinal limbs can be altered to 
increase or reduce the degree of disabsorption 
and provide a better control of gut hormones 
involved in T2DM pathogenesis [18, 19]. There 
is a trend to a higher weight loss when a long 
limb RYGB was done in patients with a BMI 
greater than 50 kg/m2, who present a higher rate 
of failure with the conventional surgery. However, 
these were based on heterogenous studies with 
conflicting data [18, 20].

 Definition of Failure

There is no uniform or internationally recognized 
definition for what constitutes failure of bariatric 
surgery. A systematic review demonstrated the 
inconsistency in reporting and defining the rea-
sons for failure of a primary bariatric procedure 
and that the majority of studies concerning revi-

sional operations do not report their selection cri-
teria [21]. However, the most commonly used 
criterion is an excess weight loss lower than 50%. 
Actually, this percentage may consider the tech-
nique used on bariatric procedure and should 
vary according to the expected EWL.  Besides 
that, some authors described a failure of the pro-
cedure based on weight regain or in an inadequate 
excess weight loss. It is important to consider the 
resolution and recurrence of obesity comorbidi-
ties before indicating a surgical revision. The 
recurrence of comorbidities can indicate a failure 
of surgery, and, even in patients who present an 
adequate EWL, the lack of comorbidity improve-
ment shows a possible necessity of reoperation.

 Causes and Diagnosis of Failure

There are preoperative factors that can predict 
weight regain, such as very high BMI, age over 
than 50 years old, and the use of diabetes medica-
tions [22–24]. These findings might be related to 
metabolic changes associated with the aging pro-
cess and the insulinemic and glycemic control in 
T2DM [23].

RYGB failure can be caused basically by 
mechanisms related to patient or surgery 
(Table 20.1).

Postoperative compliance is of paramount 
influence in the success in postoperative period. 
Postoperative compliance is linked to patients’ 
motivation and results in regular medical, dietary, 
and surgical recommendations. A meta-analysis 
of studies that compared %EWL between follow-
 up compliant patients and less or noncompliant 
patients showed that there was an increase in the 
%EWL in those patients who were compliant 

Table 20.1 Causes of weight regain and insufficient 
weight loss after RGBP

Patient related Surgery related
Inappropriate diet
Lack of nutritional 
counseling
Mental health disorders
Binge eating disorders
No physical activity
Hormonal/metabolic

Pouch dilation
Band/ring removal
Gastrojejunostomy 
dilation
Gastrogastric fistula
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with follow-up at 12-month postsurgery [25]. A 
study with adolescents also showed that the num-
ber of consultations per year was the only vari-
able significantly associated with weight loss 
[26]. Factors that can predict patient compliance 
to clinical appointments and recommendations 
can be identified. Larjani et  al. (2016) recently 
studied patient attendance rate of follow-up to 
clinical appointments after bariatric surgery and 
tried to identify predictive factors of adherence. 
Patients more than 25  years old, patients with 
obstructive sleep apnea, patients who live nearby 
bariatric clinic, and employed patients are more 
likely to attend follow-up consultations; however, 
only occupation status had statistical significance 
in a multivariate analysis [27].

When related to patient, the most significant 
factors include an improper feeding, sedentary 
lifestyle, and pathological eating behaviors. 
Furthermore, some studies show that alcohol 
abuse, depression, and other psychiatric disor-
ders are related to weight regain [22, 28]. In this 
way, weight regain, in some cases, is related to 
potentially modifiable factors that should be 
aggressively assessed by a multidisciplinary team 
before a revisional surgery is thought. Nutritional 
habits and behavioral aspects should be taken 
into account.

Besides evaluating patient-related causes of 
weight regain or insufficient weight loss, one 
should rule out dilation of gastric pouch and/or 
gastrojejunostomy enlargement. Gastric pouch 
and gastrojejunal anastomosis dilation are con-
sidered the two major anatomic determinants 
of weight loss failure or weight regain after 
RYGB. Two methods are essential in this work 
out: esophagogastroduodenoscopy (EGD) and 
upper gastrointestinal (UGI) series. Both are 
realized in order to assess the size of gastric 
pouch and of stoma, gastrojejunostomy 
patency, presence of fistula, location of band/
ring, and also presence of gastrogastric fistula. 
EGD allows direct visualization of gastric 
mucosa, and UGI can estimate gastric pouch 
emptying. Despite usefulness of those meth-
ods, they have inherent limitations, and there is 
no consensus on how gastric pouch volume 
must be measured [29]. Contrasted CT scan 

exams can be used as a valuable tool to better 
understand pouch anatomy, and three-dimen-
sional images can be obtained, revealing also 
staple lines and position of band, if it was 
placed in primary surgery [30].

Gastrogastric fistula is a rare complication 
that allows food to pass through the excluded 
stomach and proximal intestine and then per-
mits ingestion of a bigger amount of food and 
diminishes hormonal effects of RYGB [31] 
(Fig. 20.1). There is a relatively frequent asso-
ciation of gastrogastric fistulas with marginal 
ulcers, and in those cases, the fistula tends to be 
more distal in the gastric pouch. Marginal 
ulcers can either be a result of gastrogastric fis-
tulas or a cause itself. Patients can present only 
with weight regain and may have nonspecific 
symptoms [32].

 Medical Management

The first step is to refer the patient to multidisci-
plinary team and reinforce importance of dietary 
and behavioral recommendations. Allied to 
nutritional and psychological counseling, endo-
crinology team also plays a crucial rule, since 
there are medical options to restore patient’s 
weight and spare a surgical treatment, which has 
a higher morbimortality rates than compared to 
primary surgery.

The association of anti-obesity drugs is a com-
mon practice in the offices of endocrinologists, 
although there are few data on the long-term 
results of this kind of approach. Some studies have 
described the use of medications, but most of them 

Fig. 20.1 Laparoscopic view of gastrogastric fistula 
(arrow)
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are uncontrolled and retrospective, with a small 
number of patients and short follow-up [33].

Orlistat, a lipase inhibitor that prevents 
absorption of about one-third of ingested fat, was 
used after failed AGB, with good results [34]. In 
gastric bypass patients, this drug should be used 
carefully because it can worsen post-RYGB diar-
rhea. Topiramate is an antiepileptic drug which is 
associated with weight loss and has good effect 
in patients with binge eating disorder. Small stud-
ies have shown that post-bariatric patients can 
benefit from topiramate in a short-term period, in 
RYGB and AGB patients [35, 36]. Other drugs, 
such as fluoxetine and sertraline, can be used in 
binge eating patients.

The use of appetite suppressors, like phenter-
mine, alone or in association with topiramate, in 
addition to diet and exercise, demonstrated 
weight loss in post-RYGB and LAGB patients 
who experienced weight recidivism and weight 
loss plateau [37].

Pajecki et al. (2013) published a small retro-
spective study using liraglutide, a synthetic ana-
logue of the hormone GLP-1, as an option to treat 
weight regain after different bariatric surgery 
techniques. All 15 included patients had improve-
ment of satiety and displayed weight loss, rang-
ing from 2 to 18 kg. The use of these medications 
may be limited by their side effects, nausea, vom-
iting and hyperamylasemia, and their cost [38].

 Surgical Treatment

When a period of 3 to 6 months with multidisci-
plinary approach fails, revision of surgery can be 
considered. Surgical options of RYGB revision 
are strictly related to the identified cause of fail-
ure of the initial treatment (Fig.  20.2). The 
options basically involve modifying a portion of 
the bypass anatomy or adding a component to the 
existing bypass anatomy. The surgical strategy 

Failure of Gastric Bypass
(weight regain, weight recidivism,

recurrence of comorbidities)

Multidisciplinary approach
(Dietary/nutritional and

psychological/behavioral
modifications, endocrinology

evaluation)

Upper GI Series + EGD

Normal pouch and
stoma

Metabolic recidivism

Normal pouch
Large stoma + fast
gastric emptying

Dilated pouch.
Large stoma + fast
gastric emptying

Gastrogastric
Fistula

Distal RYGB Banding
Gastric pouch and

stoma revision
En bloc resection or

fistula stapling

Fig. 20.2 Algorithm of surgical management of failed Roux-en-Y gastric bypass
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requires a thorough review of the primary proce-
dure and identification of a safe and feasible 
operative approach for revision, which can be 
technically challenging.

As it happens with the failure definition, there 
is no consensus in reporting post-revisional pro-
cedures results. Many authors take into account 
only the weight and BMI immediately before the 
second procedure, while others consider the ini-
tial clinical data.

 Banding

Banded RYGB was much popular in the 1990s 
and early 2000s, and band/ring complications 
have decreased its use. Also due to superiority of 
other techniques, adjustable gastric band repre-
sents only 10% of all bariatric procedures [4]. 
However, as a revisional procedure after failed 
non-banded RYGB, in order to increase the 
restrictive component, with an advocated rela-
tively low risk of surgical complications, one can 
indicate banding in cases of pouch dilation.

In the larger series of patients who underwent 
gastric banding as salvage procedure for patients 
with weight loss failure after Roux-en-Y gastric 
bypass, 44 patients were followed up for 
12  months and presented a 17.6% EWL after 
LAGB, with a low rate of comorbidity ameliora-
tion [39]. In another series with similar number 
of patients, but a longer follow-up, there was a 
mean EWL of 31% and a decrease in BMI of 
8.2 kg/m2 [40]. Both studies reported a 30% of 
overall adverse event rate and a 15% to 21% of 
reoperations. Bessler et  al. (2010) had better 
results in terms of EWL, but only eight patients 
were studied and presented a 44% EWL in 2-year 
follow-up after the revision and 62% when com-
bined with the original surgery [41]. Some 
authors even report loose placing of a nonadjust-
able band placing, in order to reduce pouch’s 
compliance, with good 1-year results [42].

Unfortunately, overall results are not consis-
tent, and reported complication/reoperation rates 
are not so low as one could expect. So, banding a 
failed RYGB procedure may not be a good alter-
native as a sole procedure, and all cases should be 

carefully analyzed. For example, cases in which 
stoma is enlarged, with a rapid gastric pouch 
emptying and a preserved pouch volume, can fit 
to banding procedures.

 Gastric Pouch and Anastomosis 
Revision

Also in order to increase restrictive component of 
primary surgery, gastric pouch and/or anastomo-
sis revision are an option, usually due to pouch 
dilation and gastrojejunostomy enlargement. This 
dilated gastric pouch can be resized by a partial 
resection, and the enlarged gastrojejunostomy can 
be resected and redone. But gastric pouch dissec-
tion and anastomosis region may be challenging 
due to adhesions in the upper abdomen, previous 
band placement, interposed afferent intestinal 
limb, and retrocolic alimentary limb.

Al-Bader et al. (2015) reported a series of 32 
laparoscopic pouch revisions, performed for 
dilated gastric pouch after RYGB, with a mean 
follow-up of 14 months. A new 20–25-cc gastric 
pouch was created by stapling the dilated Roux 
loop and across the gastrojejunostomy and gastric 
pouch up to the gastroesophageal junction. A 
median %EWL of 29.1% was observed, and the 
total weight loss and BMI reduction after the lapa-
roscopic pouch revision were 13.9 kg and 5.5 kg/
m2, respectively. The overall complication and 
reoperation rates were 15.6% and 3.1%, respec-
tively [43]. Another study reported 20 patients 
who underwent laparoscopic pouch revision in a 
similar fashion followed by 21  months. The 
authors reported a BMI of 29.6 kg/m2 and %EWL 
of 68.6%, with almost complete resolution of 
comorbidities [29]. Parikh et  al. (2011) also had 
good results with the so-called gastrojejunal sleeve 
reduction performed in 14 patients, who had, at 
12 months postoperatively, mean BMI decrease of 
2.7 kg/m2, representing additional EWL of 12.8%, 
and overall EWL of 62.0%; however, only 22% 
patients experienced resolution of comorbidities 
[44]. All those studies used different sizes of bou-
gies to calibrate the revisited pouch, a fact that can 
lead to different outcomes. Another point is that 
none had long- term results and remains the neces-
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sity of revaluate gastric pouch volume postopera-
tively, since it may become newly dilated, with 
consequent weight regain.

Another surgical strategy is to resize the gas-
tric pouch by en bloc resection and recreate the 
gastrojejunostomy. An evaluation of 25 laparo-
scopic revisions showed that the peak of EWL 
postrevision (64.1%) was noted 1 year after sur-
gery and it was comparable to that at the patients’ 
nadir weight after primary RYGB [45]. Also in 
order to reduce the volume of gastric pouch and 
gastrojejunostomy, one can perform a plication 
of these structures, with no resection. In a small 
series of four patients, this procedure could reach 
a BMI loss and median %EWL of 4.9 kg/m2 and 
46.2%, respectively, with no complications or 
mortality [46].

There is a special concern about RYGB with 
ring that was considered the gold standard pro-
cedure for some years, especially in Brazil. 
The procedure consists of the insertion of a 
Silastic ring around the gastric pouch, usually 
made bigger than in the version without the 
ring [46]. Despite the encouraging results 
regarding weight loss and control of comor-
bidities [47], the intense restriction to solid 
food intake and the occurrence of complica-
tions with the ring (slip and extrusion) [48] 
lead to reduction in the number of cases using 
this variant technique around the country and 
also around the world.

A numerous proportion of surgeries for revi-
sional RYGB performed nowadays in Brazil are 
of primary procedures with Silastic ring as con-
sequent of a perigastric ring removal over a 
dilated pouch or of a ring extrusion into the 
pouch (some cases with gastrogastric fistula 
formation). In case of slipping or late intoler-
ance, the ring removal can be performed by 
laparoscopy. In the extrusion, the removal is 
done through endoscopic methods. In both 
cases, the patient must receive more intense 
attention from the multidisciplinary team due 
to the potential of weight regain, since ring 
removal is associated with weight recidivism. 
In cases of progressive dilation, resection of 
both excess gastric pouch and the anastomosis 
is indicated.

 Gastrogastric Fistula Treatment

Especially in banded RYGB, gastrogastric fistula 
can occur and be the cause of failure. When there 
is a gastrogastric fistula in association with failed 
RYGB, en bloc resection of the fistula with the 
excess gastric pouch, the anastomosis, and part of 
the excluded stomach, is performed (Fig. 20.3). 
This procedure is more efficient than the simple 
closure of the gastrogastric fistula, forming a new 
gastric bypass with a smaller pouch and a manual 
or stapled anastomosis calibrated by a 32 Fr boo-
gie. In cases of very small gastric pouch or proxi-
mal gastrogastric fistulas, stapling or resection of 
fistula tract can be performed.

 Conversion to Distal Gastric Bypass

Besides, to increase restrictive component of 
RYGB, the disabsorptive component can also be 
augmented. This alternative is applicable to 
patients whose cause of weight regain is not 
related to alimentary issues or in those with 
recidivism of metabolic diseases, such as T2DM 
and dyslipidemia.

There are numerous ways in which alimen-
tary, biliopancreatic, and common limbs can be 
measured at the moment of primary RYGB. Distal 
RYGB is even performed in some cases as an 
initial operation in some cases of superobese 
patients [49]. The measurement distribution of 
intestinal loops is objective of many investiga-
tions regarding which one promotes a better out-

Fig. 20.3 Revisional surgery for gastric bypass with 
weight regain due to dilated pouch and gastrogastric fis-
tula. En bloc resection of the alimentary limb, gastrogas-
tric fistula, gastric pouch, and excluded stomach
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come, and it seems that there is no significant 
impact of alimentary limb length on weight loss 
for patients with BMI <50  kg/m2, but it may 
make a small difference for the superobese (BMI 
>50 kg/m2). Furthermore, the degree of malab-
sorption after gastric bypass is especially influ-
enced by the length of the common channel [18]. 
Even more controversial is the adequate length 
of limbs in a revisional set. Sugerman et  al. 
(1996) reported the first description of distal 
RYGB as a revisional procedure in a 27 patient 
series, in which jejunojejunostomy was taken 
down at the alimentary side and re-anastomosed 
to the ileum at a point 150 cm proximal to the 
ileocecal valve, in 22 patients, and 50 cm proxi-
mal to ileocecal valve in 5 patients. The final 
result is an alimentary limb with its original size 
of 100–150 cm, the common channel at 150 or 
50  cm, and a very long unmeasured BP limb. 
After 5 years of revision, BMI fell 13 kg/m2 and 
the EWL was 69%. All the patients with a 50 cm 
common limb developed severe protein-calorie 
malnutrition that was refractory to high-protein 
liquid supplements as well as non-enteric-coated 
pancreatic enzymes and required reversal, and 
two died from hepatic failure. Three patients 
with a 150  cm common channel still required 
revision to a longer common tract because of 
malnutrition [50].

A variation was proposed by Brolin et  al. 
(2007), in which the biliopancreatic limb was 
taken down at the jejunojejunostomy and re- 
anastomosed to a point 75–100 cm proximal to 
the ileocecal valve. The common channel was 
then measured at 75–100 cm, the biliopancreatic 
limb at its original, with a very long unmeasured 
Roux limb. The authors reported a 1-year %EWL 
higher than 50% in 47.9% of patients but 7.4% 
rate of protein-caloric malnutrition with 6% 
requirement of reversal [51].

The revision procedure proposed by Fobi 
et al. (2001) resulted in an average weight loss of 
20 kg or an average decrease in BMI of 7 kg/m2, 
but protein malnutrition occurred in 23.1%. The 
authors extended the length of the biliopancreatic 
limb by an additional 50% of the total common 
limb length, which was not measured, in 65 
patients who underwent RYGB [52].

As observed in the aforementioned studies, a 
special care should be taken of nutritional defi-
ciencies. Furthermore, a long-term follow-up 
study of distal RYGB as a revisional procedure 
after failed restrictive surgeries presented an 
8.3% of hipoproteinemia and around 13% of 
malabsorption symptoms after 3  years. All 
patients were managed successfully with con-
servative measures, and none of the patients in 
this series needed lengthening of the common 
channel [53].

 Conversion to BPD-DS

All aforementioned surgical options involved 
increasing either restrictive or malabsorptive 
components only. An alternative to get best long- 
term weight loss and control of comorbidities is 
conversion BPD-DS. This procedure is complex 
and technically challenging, because it requires 
taking down of the gastrojejunostomy and rees-
tablishment of the gastrogastric continuity, fol-
lowed by a sleeve gastrectomy. As originally, the 
procedure can be done in a single- or two-step 
manner. Laparoscopy is feasible and showed 
good results after 11 months, as shown by Parikh 
et al. (2007), who demonstrated dramatic weight 
after revision, with EWL of 62.7%, overall mean 
weight loss of 35.5 kg, and mean BMI decrease 
of 10.5 kg/m2. The comorbidities resolved com-
pletely in all patients, and no mortality or reop-
erations for leakage or malnutrition were reported 
[54]. However, it has not gained wide acceptance 
due to the complexity of the procedure and the 
concern for long-term severe malnutrition.

 Endoscopic Revision

Since surgical options are limited, with no well- 
established long-term results and, in some cases, 
technically difficult, endoscopic options for 
failed RYGB are rising, as endoscopic technolo-
gies are developed. The application of these 
ongoing procedures can also be adequate to high- 
risk patients, super-super obese patients, and 
patients who not fit for primary surgery. All the 
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endoscopic techniques act over the restrictive 
component of the RYGB, in pouch reduction or 
narrowing gastrojejunostomy.

Endoscopic gastric plication (EGP) was first 
described in 2013, and it was conceived to simu-
late a sleeve gastrectomy using StomaphyX® 
device. However, it was applied for RYGB revi-
sion in 27 patients with lack of sustained weight 
loss after 1 year. Furthermore, most part of the 
plicated gastric fold became undone [55].

Other applicable techniques are transoral 
outlet reduction (TORe) and restorative obesity 
surgery endoscopy (ROSE) in which gastrojeju-
nostomy anastomotic aperture is reduced. In 
TORe, a special endoscopic suture device is 
used, and thus the output of the distal stomach 
pouch is reduced. A single center experience of 
150 cases had a EWL of 19.2% at 3-year follow-
up and found no benefit to performing gastric 
pouch reduction concurrently with TORe [56]. 
Furthermore, RESTORe trial, a prospective, 
multicenter, randomized, blinded, sham- 
controlled trial, evaluated the effectiveness of 
TORe and showed that proportion of patients of 
TORe group and control group who achieved 
more than 20% of EWL (30% vs 14.8%, respec-
tively) and the mean %EWL (15.9 vs 7.7, 
respectively) was greater in the procedure 
group, however, with no statistical significance. 
Both groups lost weight within the first 6 weeks 
after the procedure; however, control patients 
showed a trend toward weight regain after that; 
in contrast, the mean weight of the TORe group 
remained relatively stable [57].

In ROSE, tissue plications are created by 
opposing tissue and then deploying and anchor-
ing full-thickness stitches. A multicentric series 
of 116 patients reported reduction in 50% of 
stoma diameter and loss of 32% of regained 
weight after RYGB [58].

Enlargement of gastric outlet can also be 
treated by other techniques, like endoscopic 
sclerotherapy, with a reported 6-month 4.5  kg 
weight loss [59], but the sclerosing substance is 
no longer commercially available. Argon plasma 
coagulation (APC) of margins of gastrojejunos-
tomy results in scarring and consequently nar-
rowing and decreased tissue compliance. Baretta 

et  al. (2015) performed three sessions of APC 
and obtained a loss of 15  kg and reduction of 
66% in the anastomotic diameter [60].

The available data show a short-term relative 
efficacy with acceptable risk of endoscopic pro-
cedures but with necessity of longer-term follow-
 up evaluation to determine if the effect will be 
sustained. Other limiting aspects of those proce-
dures are the cost and need for special training 
and equipment for its execution. Nevertheless, 
endoscopic techniques can represent a promising 
tool, besides multidisciplinary approach with 
dietary and behavioral changes, to achieve a less 
invasive option to post-RYGB weight regain 
[61].

 Robotic Revisional Bariatric Surgery

Bariatric revisional surgery is more difficult tech-
nically than primary operations. The presence of 
adhesions and cicatricial and inflammatory 
changes makes reoperations a challenge, with a 
greater possibility of complications such as 
bleeding and fistulas. In the revision procedures, 
there is a greater possibility of conversion from 
minimally invasive surgery to laparotomy, mainly 
due to the difficulty in performing some move-
ments due to rigid instruments and two- 
dimensional vision [62]. Therefore, technologies 
such as robotic surgery, which allow three- 
dimensional vision, greater freedom and preci-
sion of movement, and greater ergonomics to the 
surgeon, have the potential to reduce complica-
tions and improve the outcome of reoperations.

Most of the studies in robotic revisional bar-
iatric surgery have as primary outcome the cost, 
learning curve, time of hospitalization, and 
 complications. The results of a systematic review 
showed that bariatric surgery, when performed 
with the use of robotics, had similar or lower 
complication rates compared with traditional 
laparoscopy [63] In addition, the learning curve 
appears to be shorter when robotic gastric bypass 
is compared with the traditional laparoscopic 
approach. Bariatric surgeons are doing more 
revisions to bypass and bypass revisions too, 
every year. Revising previous bariatric operations 
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is difficult and time-consuming, but robotic revi-
sion surgery can be done safely and with good 
long-term weight loss results [64].

In a recent 27,997-patient meta-analysis study 
[65], there were no significant differences 
between robotic and laparoscopic bariatric sur-
gery, regarding overall postoperative complica-
tions, the length of hospital stay, reoperation, 
conversion, and mortality. However, the inci-
dence of anastomotic leak was lower in robotic 
procedures. Therefore, as we know that anasto-
motic leaks are more common in revisional pro-
cedures, the robotic platform might offer a cost 
saving alternative.

The common point of all studies evaluating 
the use of robot-assisted operations for revision 
bariatric surgery is the need for further studies 
[65]. Despite the potential advantages, there is 
a complete lack of prospective and comparative 
studies.
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 Introduction

With the progressive increase in the number of 
bariatric surgeries performed around the world, 
there is an increasing demand of patients who 
require revision surgery, either due to failure of 
results or complications [1]. Studies indicate that 
the revisional surgeries already represent between 
5% and 10% of the total of the bariatric proce-
dures currently performed [2].

Depending on the technique used primarily, 
the need for a revision procedure varies and may 
be very high as in the adjustable gastric band 
that reaches up to 26%. When we compare the 
two most performed surgeries today, the rate of 
reoperation after the sleeve gastrectomy (SG) is 
almost twice as high as after the Roux-en-Y gas-
tric bypass (RYGB) (9.8% vs 4.9%, respec-
tively) [1]. In an absolute number, revisional 
surgeries after RYGB and adjustable gastric 
banding are still the most performed ones [2, 3], 
but with the recent increase in SG’s popularity, 
there is a tendency of this to become the primary 
surgery with the higher need for revision in the 
medium to long term [4].

The possible post-SG revision surgeries are 
the re-sleeve, the complement for doudenal 
switch (DS), and the conversion to RYGB [5]. 
The re-sleeve is indicated in cases of resultant 
failure in which there is a very important dila-

tion of the remaining stomach. Deguines et al. 
attempted to estimate 225 cc as the exact num-
ber from which the chance of therapeutic failure 
increases [6]. Some services choose this reop-
eration option because it is technically less chal-
lenging [4, 7].

For the complementation to DS, it is necessary 
to perform a bowel bypass by connecting the dis-
tal ileum directly to the duodenum and leaving a 
common loop of 1 to 1.5 m. Despite providing 
one of the largest weight losses, this technique is 
becoming less common due to its high risk of 
malnutrition, chronic diarrhea, and hypovitamin-
osis [8]. A less aggressive surgery that is gaining 
ground in Europe as an alternative to DS in com-
pleting the SG is the single-anastomosis duode-
noileal bypass (SADI) with a 250-cm common 
channel [9].

The other option, which is the focus of this 
chapter, is the conversion from SG to RYGB. It 
consists in approaching the stomach again for the 
creation of a small pouch and deviates the intesti-
nal transit with a Roux-en-Y.  It has become 
increasingly common because of its feasibility 
and good results [10].

 Indications and Results

The most common indications of converting SG 
to RYGB are intractable gastroesophageal reflux 
disease (GERD), inadequate weight loss or 
regain, failure to treat metabolic diseases, and 
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cases of complication following SG, as shown in 
Table 21.1 [5, 11].

 Untreatable GERD

The sleeve gastrectomy (SG) is formed of a high-
pressure gastric tube that is related both to the per-
sistence of preoperative GERD symptoms and the 
risk of presenting new symptoms of GERD in the 
postoperative period in those who were asymp-
tomatic [15]. In most cases, these symptoms can 
be managed clinically with proton pump inhibi-
tors, but in the face of clinical intractability, it is 
necessary to indicate a revision surgery [16]. 
Conversion to RYGB makes the gastric reservoir 
smaller, with rapid emptying and low pressure, 
thus being very effective in the treatment of 
GERD. Studies are unanimous in demonstrating a 
100% improvement in GERD symptoms after 
conversion and most often treat this as the main 
indication of this revisional surgery [12–14].

 Failure to Lose Weight

The expected mean postoperative weight loss of 
the SG is between 50% and 70% of the excess 
weight or 30% to 40% of the total weight. The 
rate of regaining more than 10 kgs from the mini-
mum weight is up to 20% [17].

A failure in weight loss is defined when the 
current BMI is greater than or equal to 35 while 
maintaining grade II obesity or when weight loss 
is less than 50% of the excess lost [18] and is 
directly related to a qualitatively bad alimentary 
habit [19].

Several studies documented effective weight 
loss after SG conversion to RYGB, maintaining 
an average loss of excess weight between 60% 

and 64% postoperatively [7, 12, 14]. But Nevo 
et al., when asked if it is worth converting SG to 
RYGB to this purpose, respond that although it 
significantly reduces the weight, this procedure 
kept 34% of the patients in the criterion of failure 
and emphasizes that it adds morbidities to 
patients in general [18].

It can be concluded that the conversion from 
SG to RYGB actually lowers weight, but it is not 
a large and sustained weight loss, and it does not 
happen in all patients and generates some mor-
bidities that these patients did not previously 
have, such as anemia and hypovitaminosis. You 
should be aware of these factors prior to your 
appointment for this purpose.

 Persistence of Metabolic Diseases

The fact of adding an intestinal deviation and the 
incretin effect of the RYGB presumably causes 
important benefits in the patients who maintained 
metabolic diseases after the SG.

In cases of persistent diabetes, conversion to 
RYGB may be an option. Gautier et al. reported 
three patients who maintained type 2 diabetes 
mellitus after the SG and were free of medication 
after reversal to RYGB [14]. Other studies show 
improvements in comorbidities after conversion 
but no more objective data [12].

Studies that objectively document the results of 
this conversion in metabolic diseases are lacking.

 Complications After Sleeve

Acute cases of fistula after SG are usually treated 
through drainage of the cavity, endoscopy with 
esophageal-gastric prosthesis, passage of naso-
enteral tube after the defect, and even jejunos-
tomy sometimes [20].

Table 21.1 Indication of revisional surgery on articles that analyzed exclusively cases of conversions from sleeve to 
bypass

Author, year
Total 
N GERD

Inadequate weight 
loss

Persistence of metabolic 
disease

Complications  
(fistula, stenosis)

Iannelli et al., 2016 [12] 40 11 29 0 0
Langer et al., 2010 [13] 8 3 5 0 0
Gautier et al., 2013 [14] 18 6 9 3 0
Abdemur et al., 2016 [11] 30 9 7 0 14
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In cases in which this fistula chronifies, there 
is a tendency of conversion to RYGB with resec-
tion of the fistulous path and placement of the 
alimentary loop just in the local of the fistula or to 
facilitate the emptying and decrease the pressure 
of the gastric tube [21–23].

If gastric tube stenosis happens due to the 
proximity of the angular incision staple or twist 
of the SG, we initially opt for endoscopic treat-
ments such as dilatation, prosthesis placement, or 
septotomy. Usually they have good results, but in 
cases of failure, the conversion of this SG into 
RYGB is also presented as the best option [24].

 Surgical Technique

The conversion of SG to RYGB is, among the 
revisional surgeries, one of the most feasible, but 
it requires a lot of respect precisely because the 
previous approach can turn it very difficult. 
Basically its accomplishment is similar to the 
techniques of the primary bypass RYGB with 
some special attentions [14]. Depending on the 
baseline indication and prioritization of one or 
another technical aspect, such as in an SG rever-
sal because of GERD with hiatal hernia, the dia-
phragmatic crura should be well dissected and 
closed for a better end result.

Initially cautious access should be made, since 
the postoperative adhesion of an open primary 
surgery can be challenging. The first puncture is 
usually located in a supra-umbilical umbilical 
region, and a total of five portals is required. The 
release of adhesion is the first intra-abdominal 
step, and among those that form between the liver 
and the gastric tube are those that require greater 
care in handling to avoid bleeding. During access 
to the retrocavity of the small curvature, it is 
important to determine distance for esophagogas-
tric transition and always leave a small pouch. 
Remember to remove the gastric fundus it is too 
large to decrease ghrelin secretion. There is con-
troversy regarding removing or not routinely the 
antrum to avoid chronic pain, retained antrum 
syndrome, and gastric ulcer, which ends up being 
defined depending on the trans-operative condi-
tions and the size of the remaining antrum. The 

intestinal deviation should be at least 50  cm of 
alimentary loop to avoid biliary reflux, and com-
monly 100 cm of alimentary limb and 100 cm of 
bileopancreatic limb is used. The jejuno- 
jejunostomy can be performed manually or 
mechanically, but it is very important to always 
close the intermesenteric gap. An option for 
ascending the alimentary limb with less tension 
is the bipartition of the large omentum, and the 
jejuno-gastrostomy again can be performed man-
ually or stapled. For verification of patency and 
leak intraoperatively, a methylene blue test is per-
formed through a 36 French Fouchet tube. 
Another gap that must be closed routinely is the 
Petersen space. Finally, drainage is optional 
depending on intraoperative aspects and sur-
geon’s experience [18].

An alternative technique is the conversion of 
the SG into a simplified bypass, also called func-
tional single-anastomosis or omega-loop bypass 
or minigastric bypass by bringing a unique loop 
to the gastric pouch. It is a surgery that grows 
very much today but with controversies on the 
results [25, 26]

 Complications

The rate of complications expected for revision 
surgery is higher than for primary surgery, and 
this should always be analyzed before it’s indi-
cated [27]

When compared to a primary RYGB in a revi-
sion surgery, there are a higher number of 
patients: estimated blood loss, operative time, 
ICU stay, hospitalization time, intraoperative 
(hepatic, splenic, and intestinal) injuries, rehospi-
talization, and early reoperation [27].

Complications in a casuistry of 31 cases of 
revision surgery (RYGB or SG conversion) 
showed intraoperative complications in 17.65%, 
postoperative complications in 26.47%, and 
major complications in 8.2% % of the cases, 
including 5.8% of fistulas. Conversion to open 
surgery was required in one patient (2.94%) [28]

When speaking specifically of SG-to-RYGB 
conversion, an analysis of 40 cases identified 7 
complications (16.7%), of which 5 were grade II 
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and 2 grade IIIa of the classification of Clavien- 
Dindo. In 7.5% of cases, it was necessary to con-
vert to open surgery [12]. Langer et al. documented 
one case of gastro- enteroanastomosis fistula of 
the eight revisionals performed but successfully 
treated with an endoscopic prosthesis [13].

There is no documented mortality increase 
after revision procedures. Despite increasing the 
chance of complications, the articles show that 
sleeve to bypass conversion is a safe procedure.

 Conclusion

The conversion from SG to RYGB is a feasible, 
safe, and increasingly performed revision surgery 
option. It has a well-established indication in 
cases of intractable GERD or complications after 
the SG.  It can also be used in postoperative 
weight loss failure and probably improves meta-
bolic diseases but not with great evidences of 
success yet. It should always be weighted that it 
also adds morbidities and a higher chance of 
complications.
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Gastrojejunostomy Testing

Amador García Ruiz de Gordejuela  
and Jordi Pujol Gebelli

Gastrojejunostomy is one of the key points for 
the Roux-en-Y gastric bypass (RYGB). This 
anastomosis is responsible for some of the most 
frequent complications after this procedure and, 
for the most complex and risk one, leaks. It is 
important to perform an adequate technique, 
respecting some rules that were examined in the 
previous chapters, but now we are going to dis-
cuss how we check the anastomosis is fine and if 
we need to do it.

We can test the anastomosis both during sur-
gery and in the postoperative time. We will 
examine different methods for testing, with 
their pros and cons, and try to elucidate which 
is the actual recommendation according to the 
evidence.

 Intraoperative Gastrojejunostomy 
Testing

Gastrojejunostomy is one of the most complex 
and critical steps of the RYGB procedure. It is 
the only anastomosis constructed with intention 
to be as small as possible by a general surgeon. 
It is also a technically demanding gesture inde-
pendently the way it is constructed. The most 
feared complication is the leak. Leaks are 

responsible for at least 1% to 5% [1] of compli-
cations after RYGB.

The clinical and technical expertise, a good and 
well-trained technique, and some tips and tricks 
are the keys for a successful anastomosis. But, 
even if we construct the perfect anastomosis with 
the ideal conditions and the right steps, it may fail 
and lead to a leak. Several technical gestures and 
adjuvants have been discussed for the prevention 
of leaks, and even in the best of the conditions, do 
not lead to a 0% of postoperative leaks.

Historically, the checking of the anastomosis 
was the quality control checkpoint after every 
procedure. There are three different ways to 
check this anastomosis:

• Air test through an orogastric tube
• Methylene blue through an orogastric tube
• Intraoperative upper gastrointestinal endoscopy

 Methylene Blue and Air Leak Test

Methylene blue and air leak test are easy-to- 
perform ways of testing the anastomosis. After 
the anastomosis is completed, the anesthetist 
introduces an orogastric tube (or uses the one 
that calibrated the anastomosis and/or the pouch) 
and flushes air and/or methylene blue. The sur-
geon clamps the bowel proximal to the suture in 
order to create some tension inside the lumen. 
This way we may observe some blue liquid or A. García Ruiz de Gordejuela (*) · J. Pujol Gebelli 
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bubbles between the stitches and detect the leak 
or any potential defect at the anastomosis.

Some authors prefer to use only air [2] because 
of several reasons. The main reason we may 
argue is that air can easily pass and may be more 
sensitive in detecting a leak. It may also detect 
leak where the suture is not seen as the bubbles 
will appear at any place. It is also less harmful 
than methylene blue and cheaper. Despite these 
potential advantages, there are not comparative 
trials between air and methylene blue, and we do 
not exactly know the sensitivity and specificity of 
both tests.

It is not common that a leak may be seen dur-
ing surgery. It usually occurs in difficult cases 
such as in revisional surgeries. Most common 
locations to appear used to be corner and stapler 
intersections. Once the leak is diagnosed, the sur-
geon may decide how to treat it like oversewing 
or constructing a new anastomosis.

 Intraoperative Endoscopy

Endoscopy testing uses the air that is insufflated 
during the procedure to check the watertightness 
of the new suture. The endoscopy also has a very 
interesting add-on to the testing: it is a live image 
of the anastomosis from inside, so we can check 
for bleeding, mucosal perfusion, and the real 
wide of the anastomosis [3].

Intraoperative endoscopy is not only a tool for 
anastomosis testing. It is also a very useful tool 
for complicated cases as revisional surgery, intra-
operative complications, or difficult scenarios. In 
those occasions endoscopy may add or confirm 
information to the surgical team in order to safely 
complete the procedures.

The endoscopy requires both adequate equip-
ment in the theater and trained surgeons to per-
form it during the surgery. Both conditions are 
not available everywhere, so its implementation 
tends to be complicated. Despite these limita-
tions upper and lower gastrointestinal endoscopy 
should be part of the education of every surgeon, 
and in several countries, they are mandatory for 
every future surgeon.

 Pros and Cons of Intraoperative 
Testing

Both intraoperative endoscopy and methylene 
blue-air leak testing are useful for technical 
defects, but they are not usually useful for late- 
onset leaks. These leaks usually are related to 
ischemic or blood supply difficulties that methy-
lene blue-air leak will not be able to check and 
that endoscopy may fail to clearly evaluate. These 
difficulties may be solved with new image tech-
nologies that may add image filters to facilitate 
interpretation about blood supply to the tissues. 
Despite these innovations, there is not clear cor-
relation yet between adequate or no blood supply 
at the time of the surgery and the appearance or 
not of a leak in the near future.

Both procedures also may be harmful. During 
the insertion of the orogastric tube, tears can be 
done over the esophagus or the anastomosis itself 
due to malpractice. Also excessive pressure dur-
ing the instillation of the methylene blue or the 
air may arrive to harm the suture. The endoscope 
itself also may cause lesions during its manipula-
tion or related to the insufflation at any time of 
the testing.

Nowadays there are several authors that begin 
to discuss it as a mandatory step at every surgery. 
There are just a very few positive testings, and 
even if a test is negative, it does not prevent a 
leak. So these authors defend that those intraop-
erative testings should be abandoned as a routine 
practice and to keep them for difficult cases or 
complicated scenarios. It is also argued that posi-
tive intraoperative testings only diagnose techni-
cal failures, but will not prevent for other causes 
of leaks as ischemia. Even with a good endos-
copy that may not show any sign of ischemia at 
the time of surgery, this finding is no guarantee 
for a good healing.

 Postoperative Testing

At the beginning of the bariatric surgery, the 
complications of the patients themselves and the 
difficulties for the surgical procedures kept all the 
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surgeons with more than 100% of attention at 
their patients. This way, several testings of the 
most complex anastomosis were developed. 
Nowadays we have moved to keep only the easi-
est testings or reserve all this armamentarium to 
selective indications.

There are different tests to be done:

• Methylene blue
• Radiological examinations

 – Contrast swallow studies
 – Double-contrast CT scan

Methylene blue at the postoperative time 
requires an intraabdominal drain after the sur-
gery. If there is a leak, the drain would collect the 
methylene blue as soon as it goes out from the 
lumen. This is the easiest test we may perform 
but requires a drain in place and permeable. Since 
the introduction of the enhanced recovery pro-
grams, the use of drains has declined, and just a 
few surgeons use them routinely. The low mor-
bidity rate justifies that most of the drains are 
useless. Moreover, it is mandatory that the drain 
keeps in place, close to the anastomosis, and they 
also move after surgery, not always remaining at 
the place we left them during the surgery.

Contrast swallow series were very common at 
the beginnings of the bariatric surgery and at the 
introduction of the laparoscopy. They give an 
anatomic view of what was constructed at the 
theater and were very useful for the diagnosis of 
stenosis or leak after the surgery. Despite their 
pros, the sensitivity and specificity were not very 
high, with a high rate or false-negative tests [4]. 
Oral soluble contrasts usually move too fast 
inside the lumen, so they may fail to properly 
diagnose a leak, especially if it is very small. 
Barium has a higher sensitivity but also higher 
complications, and it is quite worse tolerated. 
Despite this, these contrast studies still are better 
than just clinical signs to detect a leak [5].

Double-contrast CT scan studies have the 
higher sensitivity for the diagnosis of a leak [6, 7] 
but they are more expensive, they may be not be 
available for heavier patients (limitations of the 
table, the circumference of the detectors, or 
both), and they require higher doses of radiation 

for the diagnosis. Specificity is better than swal-
low studies, but not very high. CT scan with 
intravenous contrast may also give some infor-
mation about the perfusion status of the pouch 
and the anastomosis. It also may show other indi-
rect signs to detect the leak as pneumoperito-
neum (bigger than expected for the postoperative 
day or at an unusual location) or fluid collections 
at some locations.

Endoscopy can be also used for the diagnosis 
of a leak after surgery. It may check complica-
tions from inside the anastomosis, and it can be 
also therapeutic. Finally, surgical revision is, in 
some cases, the only effective tool to clearly 
diagnose, and then to treat, the leak.

Nowadays, most of the authors recommend 
selective indications of these tests. The best tool 
for the postoperative diagnosis of a leak is clini-
cal suspicious plus an adequate imaging. The first 
sign is usually just a non-justified tachycardia 
followed by other clinical and analytical signs 
and symptoms, like changes in blood tests. In 
those cases, a CT scan or an early endoscopic 
examination may clearly diagnose the leak. The 
most recent papers clearly demonstrate that rou-
tine examinations are not needed; they only make 
the process more expensive, may add morbidity, 
and do not prevent or advance the diagnosis of 
the leak [8–10].
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Closing the Mesenteric Defects

Mariano Palermo, Pablo A. Acquafresca, 
and Edgardo Serra

Among all the bariatric procedures, the Roux- 
en- Y gastric bypass (RYGB) is the most fre-
quently performed, accounting for approximately 
45% of all bariatric procedures [1]. Nowadays 
sleeve gastrectomy is increasing and probably 
has similar frequency than gastric bypass, but this 
last continues being the gold standard in bariatric 
surgery procedures. Together with the growing 
popularity of RYGB, there has been an increase 
in the incidence of internal herniation. This 
occurs when the small bowel herniates through 
the defects in the intermesenteric spaces created 
when the Roux limb is being mobilized to the 
newly created pouch.

The gaps that are created when performing a 
RYGB are the transverse mesocolic, the 
Petersen’s space, and the jejunojejunostomy 
mesentery (Fig.  23.1). Whether to close or not 
these gaps, it’s a matter of debate that we will 
discuss in this chapter.

It is not possible to talk about the topic of the 
closure of the mesenteric defect without talking 
about internal hernias. The most common causes 
of small bowel obstruction following laparoscopic 
RYGB are related to internal hernias [2–4] which 
are a feared and well-recognized complication, 
with a reported prevalence as high as 14% [5]. An internal hernia can be defined as a protru-

sion of the intestine through a defect within the 
abdominal cavity. Most internal hernias present 
later in the postoperative period rather than early.

When making the decision to close or not the 
mesenteric defect, it’s also important to take into 
account the approach type, open or laparoscopic.
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Fig. 23.1 Mesenteric defects: (a) transverse mesocolic, 
(b) Petersen’s space, and (c) jejunojejunostomy 
mesentery
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Compared with the open approach, the inci-
dence of internal hernia is greater after laparo-
scopic RYGB, estimated between 3% and 4.5% 
[6]. Some hypotheses postulate that the laparo-
scopic approach reduces the bowel manipulation 
and peritoneal irritation, so it generates fewer 
postoperative adhesions and therefore less fixa-
tion of the small bowel to adjacent structures [3]. 
In addition, rapid weight loss after laparoscopic 
RYGB results in reduced intraperitoneal fat and 
larger mesenteric defects [7].

Bowel obstruction secondary to internal her-
nias usually presents in the later postoperative 
period, while early small bowel obstructions (in 
less than 1 month) usually result from technical 
problems with the Roux limb (e.g., complete 
blockage or partial narrowing of the gastrojeju-
nostomy or jejunojejunostomy, acute angulation 
of the Roux limb, and narrowing of the Roux 
limb at the level of the transverse mesocolon).

RYGB can be accomplished using either an 
antecolic or retrocolic approach. Depending on 
the chosen approach, a number of potential mes-
enteric defects are created. The retrocolic 
approach creates three defects: one in the trans-
verse mesocolon, one at the site of the jejunojeju-

nostomy, and a Petersen defect (a space created 
between the Roux limb and the transverse meso-
colon), while the antecolic approach creates only 
two mesenteric defects, one at the jejunojejunos-
tomy and the Petersen defect (Fig. 23.2).

The most common location for internal her-
nias and its relation to Roux limb configuration 
have been a subject of debate. Understandably, 
mesocolic defect hernias are unique to a retro-
colic approach and are not seen with an antecolic 
approach.

In some reports, mesocolic defects were the 
most common among all internal hernias [8]. 
Some authors reported that transverse mesocolic 
hernias were the most common, followed by jeju-
nojejunostomy and Petersen’s space hernias [6]. 
In an antecolic approach, however, both Petersen’s 
and jejunojejunostomy mesenteric defect hernias 
are reported, with hernias at the jejunojejunos-
tomy defect being more common in some other 
series [3]. Other investigators report a higher inci-
dence of Petersen’s and jejunojejunostomy her-
nias with a retrocolic approach [4]. A significant 
decrease in small bowel obstruction has been 
reported by some authors after switching from a 
retrocolic to an antecolic technique [3].

a b

Fig. 23.2 (a) Retrocolic approach creating three defects. (b) Antecolic approach creating two defects
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Internal hernias can have devastating results 
when the diagnosis is delayed, and this can occur 
due to its presentation. Dull abdominal pain with 
or without intestinal obstruction is the most com-
mon presentation. Usually the presentation is 
delayed, occurring several months to years after 
the operation, but it can occur in the immediate 
postoperative period.

Due to the previously discussed (the severe 
adverse outcome and the easy way to prevent it), 
most authors concur that specific measures 
should be taken to avoid bowel obstruction after 
gastric bypass. The main measure that can be 
taken is the routine closure of the mesenteric 
defect at the jejunojejunostomy, transverse meso-
colon mesenteric defect, and the Petersen defect 
(Fig. 23.3a, b). A drop on the internal hernia inci-
dence from 3.5% to 1.7% has been reported after 
closing the mesenteric defects [9].

Whether to use absorbable or nonabsorbable, 
running or interrupted suture has been also a mat-
ter of debate, and it’s not clear yet which technique 
contributes with less adverse outcomes. Some 

authors who have modified their technique from 
absorbable to nonabsorbable sutures and from an 
interrupted to a running technique have reported a 
reduction in the incidence of internal hernias [10].

Another technique that has been described to 
close the defects uses 4.8 mm staplers (Fig. 23.4). 
A pair of graspers can be used to expose the 
defects, and the staples can be partially extended 
presenting “hooks” that facilitate the catching 
and adaptation of the mesenteric serosa. To avoid 
vascular injury, it is important not to press the 
clip applicator too deeply. This technique has 
proved to be effective to prevent internal hernias 
(results showed that the internal hernia rate 
dropped from 5% to 0.6%) and doesn’t add much 
surgical time (average time used for closing mes-
enteric defects of 1 min and 49 seconds) [11, 12].

Other authors, having in mind the fact that the 
internal hernia incidence is lower in the open 
approach due to adhesions generated by the peri-
toneal irritation, have described a more 
 “physiological” way to close the defects. The 
mesenteric irritation technique is performed after 

a b

c d

Fig. 23.3 Closure of mesenteric defects with an absorbable suture. Petersen and mesentery
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closure of the jejunojejunal mesenteric defect 
with a running 2-0 silk suture. In this technique, 
an unfolded gauze X-ray detectable is introduced 
with a laparoscopic grasper through an already 
placed periumbilical port site. The gauze is then 
rubbed against the closed visceral peritoneal 
mesentery, over the silk suture closure, until pete-
chiae are visualized on the surface of the mesen-
tery confirming adequate irritation and removal 
of the visceral peritoneal surface of the mesen-
tery (Fig. 23.5). With this technique the internal 

hernia incidence dropped from 5.3% to 1.4%; 
however this was not statistically significant [13].

On the other hand, it is important to mention 
that some authors have criticized the closure of 
mesenteric defects during the RYGB due to pro-
longing the procedure and thereby increasing the 
operative risks [14, 15]; and they emphasize that 
risks associated with closing the defect may be 
underreported. Furthermore, closure of the inter-
nal hernia may create kinking near the jejunoje-
junostomy which will lead to dilatation of the 
alimentary limb or the biliopancreatic limb with 
the subsequent increased risk of “blowout” of the 
bypassed stomach (gastric rupture) [13, 16]. In 
conclusion, having into account the risk versus 
the benefit of closing the mesenteric defects, one 
should close these defects as a routine. We 
strongly recommend closing routinely the defects 
using absorbable sutures.

References

 1. Buchwald H, Oien DM.  Metabolic/bariatric surgery 
worldwide 2011. Obes Surg. 2013;23:427–36.

 2. Himpens J, Verbrugghe A, Cadière G-B, Everaerts W, 
Greve JW. Long-term results of laparoscopic Roux- 
en- Y gastric bypass: evaluation after 9 years. Obes 
Surg. 2012;22:1586–93.

 3. Champion JK, Williams M. Small bowel obstruction 
and internal hernias after laparoscopic Roux-en-Y 
gastric bypass. Obes Surg. 2003;13(4):596–600.

 4. Capella RF, Iannace VA, Capella JF. Bowel obstruc-
tion after open and laparoscopic gastric bypass 
surgery for morbid obesity. J Am Coll Surg. 
2006;203(3):328–35.

 5. Rodríguez A, Mosti M, Sierra M, Pérez-Johnson R, 
Flores S, Dominguez G, et al. Small bowel obstruction 

Fig. 23.4 Closure of the mesenteric defects with a sta-
pler technique

Fig. 23.5 (a) The gauze being rubbed against the closed visceral peritoneal mesentery. (b) Petechiae visualized on the 
surface of the mesentery confirming adequate irritation

M. Palermo et al.



185

after antecolic and antegastric laparoscopic Roux-en-Y 
gastric bypass: could the incidence be reduced? Obes 
Surg. 2010;20:1380–4.

 6. Garza E Jr, Kuhn J, Arnold D, et al. Internal hernias 
after laparoscopic Roux-en-Y gastric bypass. Am J 
Surg. 2004;188(6):796–800.

 7. Schneider C, Cobb W, Scott J, Carbonell A, Myers K, 
Bour E. Rapid excess weight loss following laparo-
scopic gastric bypass leads to increased risk of inter-
nal hernia. Surg Endosc. 2011;25:1594.

 8. Rogula T, Yenumula PR, Schauer PR. A complica-
tion of Roux-en-Y gastric bypass: intestinal obstruc-
tion. Surg Endosc. 2007;21(11):1914–8. Epub 2007 
Sep 22

 9. Chowbey P, Baijal M, Kantharia NS, Khullar 
R, Sharma A, Soni V.  Mesenteric defect closure 
decreases the incidence of internal hernias following 
laparoscopic Roux-En-Y gastric bypass: a retrospec-
tive Cohort study. Obes Surg. 2016;26:2029. https://
doi.org/10.1007/s11695-016-2049-8.

 10. Higa KD, Ho T, Boone KB. Internal hernias after lap-
aroscopic Roux-en-Y gastric bypass: incidence, treat-
ment and prevention. Obes Surg. 2003;13(3):350–4.

 11. Aghajani E, Jacobsen HJ, Nergaard BJ, et al. Internal 
hernia after gastric bypass: a new and simplified tech-

nique for laparoscopic primary closure of the mesen-
teric defects. J Gastrointest Surg. 2012;16:641–5.

 12. Aghajani E, Jacobsen HJ, Nergaard BJ, Hedenbro JL, 
Leifson BG, Gislason H. Internal hernia after gastric 
bypass: a new and simplified technique for laparo-
scopic primary closure of the mesenteric defects. J 
Gastrointest Surg. 2012;16:641–5.

 13. Walker AS, Bingham JR, Causey MW, Sebesta 
JA. Mesenteric irritation as a means to prevent inter-
nal hernia formation after laparoscopic gastric bypass 
surgery. Am J Surg. 2014;207:739–42.

 14. Cho M, Pinto D, Carrodeguas L, et al. Frequency and 
management of internal hernias after laparoscopic 
antecolic antegastric Roux-en-Y gastric bypass with-
out division of the small bowel mesentery or closure 
of mesenteric defects: review of 1400 consecutive 
cases. Surg Obes Relat Dis. 2006;2:87–91.

 15. Bauman RW, Pirrello JR. Internal hernia at Petersen’s 
space after laparoscopic Roux-en-Y gastric bypass: 
6.2% incidence without closure  – a single sur-
geon series of 1047 cases. Surg Obes Relat Dis. 
2009;5:565–70.

 16. Sjöström CD.  Surgery as an intervention for obe-
sity. Results from the Swedish obese subjects study. 
Growth Hormon IGF Res. 2003;13(Suppl A):S22–6.

23 Closing the Mesenteric Defects

https://doi.org/10.1007/s11695-016-2049-8
https://doi.org/10.1007/s11695-016-2049-8


187© Springer Nature Switzerland AG 2020 
J. Ettinger et al. (eds.), Gastric Bypass, https://doi.org/10.1007/978-3-030-28803-7_24

Preventing Complications

Felipe de la Cruz Vigo, José Luis de la Cruz Vigo, 
Elías Rodríguez Cuéllar, Pilar Gómez Rodríguez, 
and José María Canga Presa

 Introduction

Bariatric surgery has always been considered dif-
ficult to do, because of the patients’ physical 
characteristics, and with a high risk of complica-
tions that, due to the physiological characteristics 
of the morbid obese patient, often involve unusual 
severity. The incorporation of laparoscopy into 
this discipline has increased its difficulty and, 
thus, the possibility of complications, especially 
during the learning curve [1].

Gastric bypass is one of the most complex 
laparoscopic procedures, with a learning curve of 
75 to 150 cases [2–4], though some surgeons 
think the figure is closer to 500 consecutive cases 
[5]. In a study conducted among expert laparo-
scopic surgeons, the major complication rate fell 
significantly from 13% in the first 75 cases to 3% 
in the next 75 procedures [4]. In our own experi-
ence, the incidence of major complications was 
7.3% in the first 150 cases, falling to 2.8% in the 
next 250 [6]. In any case, laparoscopic gastric 
bypass today has become an elective approach 
with a lower mortality 0.22% than open gastric 

bypass 0.82% (p <0.001), as shown by Rausa 
et al. [7] in a meta-analysis and meta-regression 
on 69,494 patients.

Laparoscopic gastric bypass involves signifi-
cant technical difficulties that can be the cause of 
different complications: the need to work in both 
supra- and inframesocolic compartments, the 
need to carry out digestive anastomoses, and the 
creation of mesenteric and, sometimes, meso-
colic defects. Therefore, the standardization of 
the technique and its frequent repetition are the 
most important factors in reducing its risks [1, 5].

Many complications have their origin in 
inappropriate or incorrect intraoperative 
manoeuvres as well as in accidents, detected or 
not, during the intervention. In a study of 26,173 
patients receiving laparoscopic gastric bypass 
surgery by the Swedish Obesity Surgery 
Registry (SOReg), adverse intraoperative events 
(AIEs) were, along with the conversion to open 
surgery, the most determining factors of post-
operative complications [1]. The prospective 
multicentre study of six centres of excellence in 
bariatric surgery by the Longitudinal Assessment 
of Bariatric Surgery included 5882 patients, 
who received surgery between March 2005 and 
April 2009. The interventions were 1608 adjust-
able gastric bands (AGB), 3770 laparoscopic 
gastric bypasses (LGB), and 504 open gastric 
bypasses (GB). This is a prospective record of 
data with a protocol defined to indicate adverse 
intraoperative events. It is probably the first in 
this category to be published. Collected AIEs 
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were wounds to organs (liver, spleen, blood ves-
sels, intestine, and  diaphragm), bleeding of over 
2 U of transfusion, anastomosis revisions (gas-
trojejunostomy, jejunojejunostomy), equipment 
or instrument failure (staplers), and anaesthesia-
related events (multiple intubation attempts, 
maintained hypoxia, maintained arrhythmia, 
hypoxia, hypotension, or prolonged hypercar-
bia). AIEs were detected in 3% of AGB, 5.5% of 
LGB and 7.3% of GB. The major post- operative 
complication rate was 8.8% in the AIE group 
and 3.9% if there was no AIE (p <0.001). The 
multivariable analysis revealed that patients 
with an AIE had 90% more risk of major com-
plication than those without an AIE [8].

The purpose of this chapter is to describe the 
problems that can happen during the execution of 
a laparoscopic gastric bypass and to propose how 
they can be prevented and/or resolved.

 Injuries Caused by Trocar Punctures

The three possible methods for the insertion of 
the first trocar in the execution of a gastric 
bypass  – creation of pneumoperitoneum with a 
Veress needle, direct entry with an optical trocar, 
and open entry with the Hasson technique [9] – 
must be assessed by studying the injuries caused 
in this initial phase of the operation.

The injury can affect the great vessels, some-
times with retroperitoneal bleeding without clear 
exteriorization to the peritoneal cavity. It must be 
suspected in the face of severe intraoperative 
hemodynamic instability, especially if it is 
accompanied by the bulging of the retroperito-
neum. It requires a laparotomy and retroperito-
neal exploration. In the study of 11,744 LRYGBs 
by the SOReg and the National Patient Register 
of 2009–2010, five aortic injuries were recorded, 
representing a global risk of 0.043% and of 
0.091% using an optical trocar, since the five 
injuries occurred with this kind of trocar [10].

Bowel injuries are not frequent due to their 
mobility and lubrication, unless there are intra-
peritoneal adhesions. Nevertheless, a distended 
stomach caused by insufflation during a difficult 

intubation can easily be perforated, which can be 
avoided if the anaesthetist has placed a gastric 
tube. These injuries are usually resolved with a 
suture.

Solid organ injuries are more frequent in the 
liver, more so if there is hepatomegaly; less so in 
the spleen, especially in patients with splenomeg-
aly; and very rare in the pancreas. Spontaneous 
haemostasis in the liver is usual, but complex 
haemostatic manoeuvres may be required in the 
spleen or pancreas.

Other intra-abdominal structures that can be 
injured are the greater omentum or the mesen-
tery, but this is usually easily resolved with any 
of the coagulation instruments or a suture. In 
17,446 LRYGBs of the SOReg, from 2012 to 
2014, 12 intra-abdominal injuries caused by a 
trocar (0.07%) were collected. Access was car-
ried out using the Veress technique in 59% 
(10,338 cases), counting 8 injuries (0.077%), 5 
bleedings (3  in the omentum or mesentery and 
2 in the liver), and three intra-abdominal organ 
injuries (2  in the stomach and 1  in the small 
intestine). In 30% (5187), an optical trocar was 
used, with 4 events being detected (0.077%), 3 
bleedings from the omentum or mesentery and 1 
small bowel wound. In the remaining 11% 
(1921), the Hasson technique was used with no 
injury or bleeding observed. This study observed 
a change in preference from the optical trocar to 
the Veress technique [11].

Though the Veress needle can also injure any 
intra-abdominal structure, this is usually less 
serious. Kosuta et al. [12] mention a colon per-
foration upon inserting the needle into the 
upper left quadrant. When inserting the Veress 
needle, the insertion site is particularly impor-
tant, our preference being the left hypochon-
drium under the rib cage border in Palmer’s 
point or very close thereto. Using direct entry 
with a bladed non- optical trocar, Ertugrul et al. 
[13] report two mesenteric injuries in 39 
patients. Using direct entry with a bladed opti-
cal trocar, Sabeti et al. [14] collected 4 vascular 
injuries (0.18%) in 2207 bariatric surgeries that 
occurred in entries separated from the midline. 
Using the same system, Bernante et al. [15] had 
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no vascular or visceral injuries in 200 patients. 
Rosenthal et al. [16], using direct entry with a 
bladeless optical trocar, had no injuries in 849 
LRYGBs.

This kind of complication usually occurs with 
the first blind puncture, which is why it is obliga-
tory for Veress needles and trocars to be provided 
with safety mechanisms or be bladeless, threaded 
or radially expandable [17]; and it is recom-
mended to make the first entry into the left hypo-
chondrium. The use of optical trocars, designed 
to reduce risk, has provided controversial results 
[10], with the general precautions adopted in the 
insertion of any trocar having to be observed, as 
well as be separated from the umbilical region in 
the cranial direction and directed towards the left 
hypochondrium. Another option for entry is the 
open Hasson technique considered the safest, 
though there is also a reported case of aortic 
injury with this trocar [18].

The abdominal wall can also be the cause of 
post-operative bleeding, sometimes serious, due 
to any parietal vessel wound that has been 
occluded during the intervention by the trocar 
itself (Figs. 24.1 and 24.2). When it is removed, 
the holes must be carefully looked at inside, to 
carry out a haemostasis, if necessary. There is no 
consensus on whether to close such holes or on 
the option to plug them with prosthetic or haemo-
static material [19].

 Adverse Intraoperative Events

 Visceral Injuries

Besides trocar puncture wounds, abdominal 
structures can be injured during the operation. 
Digestive injuries can occur at different levels. 
The hypopharynx and the oesophagus, cervical 
or cervicothoracic, have been described espe-
cially in relation to the oral insertion of the anvil, 
to carry out a circular-stapler gastrojejunal anas-
tomosis [20]. The distal oesophagus can also be 
injured in the dissection of a hiatal hernia, espe-
cially paraoesophageal, or acting simultaneously 
with a Heller myotomy, due to coincident achala-
sia, or in cases of prior hiatal surgery. The stom-
ach is less susceptible to injury since it has a 
more resistant wall.

An excessive dissection of the oesophago-
gastric junction or a too tight stapling to the 
angle of His can give rise to the subsequent 
appearance of a leak at this level; therefore it is 
recommended to move away the stapler 1 cm to 
the greater curvature. A rather inflexible orogas-

Fig. 24.1 Abdominal wall hematoma originated in the 
left subcostal trocar puncture

Fig. 24.2 CT scan showing blood infiltration of the 
abdominal wall by trocar puncture bleeding
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tric tube handled roughly can cause tearing in 
the gastric reservoir. If the bypass is carried out 
adding a band or ring, the passing of instru-
ments through the posterior face of the gastric 
pouch, while placing it, risks perforating or 
eroding the posterior gastric surface.

The Roux-en-Y jejunojejunal anastomosis 
does not usually lead to big problems, but roughly 
grasping the adjacent intestine or using traumatic 
instruments sometimes causes perforation, which 
can be immediately detected and repaired or, if 
not, can appear during the post-operative period 
as a peritonitis (Fig.  24.3). This eventuality is 
also possible while measuring the loops, which 
are more fragile on their mesenteric edge.

 Instrument Failure

Technology has made possible the implementa-
tion of minimally invasive surgery in obesity 
surgery but has also created a dependence on 
instruments that are increasingly complex and 
specific. The use of mechanical staplers has 

become universal in laparoscopic procedures 
and, in the case of laparoscopic gastric bypass, 
is widespread. Even though stapling instru-
ments, both linear and circular, are very reliable, 
the frequency of their use and the severity of the 
consequences of a malfunction are necessary to 
be prepared for potential failures. The FDA has 
a voluntary notification system for medical 
instrument problems, the Manufacturer and 
User Facility Device Experience (MAUDE), but 
most incidents are not reported. Nonetheless, 
bariatric surgeons are those who report more 
cases of stapler failure.

The true incidence of this problem is not 
known, but 1.7% [21] rate of malfunction in the 
use of these devices has been published and up to 
45% of cases are associated with morbi-mortality 
[22]. Sixty-six percent of surgeons mention hav-
ing had some kind of problem with staplers, and 
in 25% of cases this led to a change in the ini-
tially scheduled surgical procedure. In many 
cases, it is necessary to change to open surgery to 
resolve it. There are many problems caused by 

Fig. 24.3 Intermesenteric abscess secondary to bowel 
instrumental perforation

Fig. 24.4 Leak at the gastrojejunal anastomosis, diag-
nosed by gastrografin swallow and surgically treated 
24 hours after surgery. Uneventful recovery
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staplers documented in literature, including sta-
pler block before or after shooting (33%); cutting 
but partially stapling (16%); faulty staple line 
(12%); unstapled division (12%); inadequate clo-
sure (7%); detachment of the cartridge (7%) [23]; 
partial or absent cut; damage to nearby tissue 
during insertion, extraction, or handling of the 
stapler; perforation or trapping of the tissue in the 
stapler during fastening; etc.

Early identification of the problem and hav-
ing the necessary resources and tools to solve it, 
usually in an intraoperative way, is very impor-
tant. Failure can be due to a fault in the manufac-
ture of the stapler or its inappropriate use. It is 
estimated that only 0.3% to 0.003% of cases are 
due to manufacturing faults; therefore, it is very 
important for the surgeon to receive appropriate 
training and to be perfectly familiar with the 
opening, closure, and shooting mechanisms of 
the stapler. The personnel responsible for han-
dling and changing the cartridges must also have 
the necessary knowledge. These devices must 
always be handled carefully within the abdomi-
nal cavity, and their correct positioning must be 
verified on all their sides, as well as the inclusion 
of tissue that does not need to be stapled and the 
absence of foreign bodies (clips, tubes). 
Examples of incorrect use include not com-
pletely removing the blade before opening the 
stapler, shooting the device when there is some-
thing metallic (a  haemostatic clip) between the 
mandibles or using a fired cartridge (the safety 
block can be broken by applying excessive 
force). The surgeon must know the resistance 
and normal touch of the tissue when closing and 
stapling, so that any abnormality, such as exces-
sive difficulty in shooting, must raise suspicion.

The most frequent problem is that the stapler 
does not open, before or after shooting. In these 
cases, provided it is possible, new trocars must be 
placed, and a stapling done parallel to both sides, 
extracting the tissue trapped by the blocked 
machine. In stapling vascular structures or in ana-
tomical places where there are limited segments 
for handling, such as the creation of the gastric res-
ervoir in LRYGB, the solution is more complex. In 
vascular structures the vessel must be clamped and 

haemostatic clips and sutures be used as recourse. 
In the case of the gastric pouch, the edges must be 
sectioned, manual sutures be done, reinforcement 
be added, or, if possible, a new stapling be done. In 
these cases, a high risk of leak has been described.

With today’s staplers, mechanized or not, the 
possibility of the actual device failing has radi-
cally decreased. This was not uncommon with 
the first prototypes, with Higa et al. [24] report-
ing this problem in 6 (1.5%) of his first 400 
patients. In our first 400 cases, we saw stapler 
failure in 5 patients (1.2%), 2  in the gastrojeju-
nostomy, 2 in the reservoir, and 1 in the jejunoje-
junostomy. Everyone was resolved with manual 
laparoscopic suture, with one case, in the gastro-
jejunostomy, developing a leak [6] (Fig. 24.4).

 Bleeding

The incidence of intraoperative bleeding is hard 
to assess, since on many occasions they are not 
reflected in the intraoperative incidence record. 
Perhaps the most reliable study is the one by the 
Longitudinal Assessment of Bariatric Surgery 
database, collected prospectively and aimed spe-
cifically at detecting AIEs. Most intraoperative 
bleeding comes from organ injury, the next cause 
being instrument failure (0.9%), responsible not 
only for bleeding but also for the revision of 
anastomoses [8].

The incidence of bleeding after laparoscopic 
gastric bypass fluctuates between 0.6% and 4.4% 
[25–28]. There is a series of factors that can 
increase the risk of bleeding, such as cirrhosis of 
the liver, hepatosplenomegaly, undetected coagu-
lation factor deficiencies, prior abdominal sur-
gery [27], super obesity, certain drugs and 
anticoagulation [29].

Bleeding is a significant complication that not 
only increases morbidity (by 35%) or the hospital 
stay (in 87% of patients) [27] but can also cause 
mortality (7.1% in those who bled compared with 
0.9% in those who did not) [30]. Patients can 
bleed out of the gastrointestinal tract, to the peri-
toneal cavity, extraluminal bleeding, or to the 
digestive tube lumen, intraluminal bleeding.
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 Extraluminal Bleeding

 Solid Organs
In the Longitudinal Assessement of Bariatric 
Surgery (LABS) [8], the incidence of visceral inju-
ries in the laparoscopic gastric bypass (LGB) group 
is 1.9% (intestine 1.2%, liver 0.4%, spleen 0.2%, 
vessels 0.1%). In the open gastric bypass (GB) 
group, the incidence of organ injury is 2% (intes-
tine 1%, spleen 0.6%, liver 0.2%, vessels 0.2%).

Solid organs most often injured are the liver 
and the spleen. The liver can be lacerated by the 
hepatic retractor or other instrument, more easily 
if it suffers steatosis and/or hepatomegaly. The 
subsequent bleeding makes seeing difficult, but it 
is usually self-restricting or ceases with compres-
sion. The spleen can be decapsulated when 
retracting an adherent omentum or be perforated 
by an instrument or by the stapler while con-
structing the reservoir. The spleen injury can be 
more difficult to control and usually requires the 
use of hemostatic substances and more rarely a 
partial or total splenectomy.

Undoubtedly, the incidence of splenectomy in 
open gastric bypass is greater than when it is car-
ried out using laparoscopy, reaching figures as 
high as 4.9% (34 splenectomies in 700 interven-
tions) [31]. In Podnos et al. [32] meta-analysis, 
the incidence of iatrogenic injury of the spleen 
was 0.4% in open gastric bypass compared with 
0% when the intervention was carried out using 
laparoscopy. It has been indicated that the pres-
sure exerted by the pneumoperitoneum can have 
a certain haemostatic effect [33].

Visceral and solid organ injuries must be pre-
vented by carefully handling the tissue, using the 
appropriate instruments, better reusable than dis-
posable, that must be handled within view of both 
the surgeon and the assistant and revising the 
grasping zones. Any injury to the digestive tract 
that makes us wonder about its evolution must be 
repaired with a suture.

 Staple Line Bleeding
One of the potential sites of intraperitoneal bleed-
ing includes the various staple lines.

Nonetheless, the selection of the staple height 
in accordance with the tissue in which it is used is 

still very important, generally 2.5  mm for the 
small intestine and 3.5 mm for the stomach [20]. 
In the event of conversions from another tech-
nique, it is necessary to use higher staples, such 
as 3.8 mm or 4.2 mm. The staple lines must be 
revised after each shot and when completing the 
intervention, since rebleeding after an initial hae-
mostasis is not uncommon, especially in the gas-
tric remnant. To achieve the haemostasis, we use 
clips, since we do not advocate monopolar or 
bipolar coagulation due to their thermal effect 
that may encourage disruption of the stapling. In 
the case of the gastric remnant, it is occasionally 
necessary to use a running absorbable suture. In 
the gastric reservoir, we systematically use this 
kind of suture, not only with haemostatic charac-
ter but also to prevent the appearance of leaks in 
the post-operative period. Sajid et al. [34] meta- 
analysis, on the reinforcement of the staple line, 
does not find that it is better at controlling bleed-
ing, though it does reduce the number of haemo-
static clips used and reduces the incidence of 
leaks and post-operative complications. In 
Heneghan et  al. [27] study, 33% of early post- 
operative intra-abdominal bleedings were related 
to the staple line, 30% at the gastrojejunostomy, 
40% at the gastric remnant, and 30% at the 
jejunojejunostomy.

 Intraluminal Bleeding
The most frequent cause of intraluminal bleeding 
is the actual staple line of anastomoses, both gas-
trojejunal and jejunojejunal, which must always 
be inspected and haemostasized, if applicable. 
We use clips in both. There are surgeons who use 
intraoperative endoscopy both for the diagnosis 
and to achieve the haemostasis with epinephrine, 
sclerosing substances or endoscopic clips [35]. In 
the circular suture, direct inspection is not feasi-
ble, since a higher incidence of bleeding compli-
cations has been described with this kind of 
suture. Steffen et al. [36] reported 7 post- operative 
bleedings in 76 patients (9.2%), achieving the 
endoscopic haemostasis in them all. The 2  cm 
devascularization of the lesser curvature and of 
the posterior face of the reservoir is a manoeuvre 
we carry out systemically in our linear anastomo-
sis, which has also been indicated as effective in 
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preventing bleeding in circular stapling [36]. In a 
study that compared the rate of post-operative 
complications in gastric bypass with mechanical 
linear anastomosis, when the neurovascular bun-
dle in the lesser gastric curvature was sectioned, 
there was post-operative bleeding in 12 out of 
407 (2.7%), compared with 5 out of 366 (1.4%) 
when the perigastric dissection was carried out 
with the preservation thereof [37].

Most intraoperative bleeding will be defini-
tively resolved during surgery, but some will 
cause complications in the immediate post- 
operative period.

 The Gastric Pouch

 Preservation of the Neurovascular 
Axis

The pouch formation is one of the most demand-
ing parts in Roux-en-Y gastric bypass surgery. 
We, as well as other surgeons, try to preserve the 
integrity of the neurovascular axis, which 
includes the anterior and posterior branches of 
the vagus nerve of Latarjet, though this step 
entails greater technical difficulty, especially in 
men and patients with a high body mass index 
(BMI), in whom the perigastric dissection in the 
lesser curvature is difficult, and with a risk of 
bleeding or even perforation. However, other sur-
geons believe that the division of this neurovas-
cular axis, in addition to facilitating the surgery, 
has no adverse consequences for the patient.

Perathoner et  al. [38] study 47 patients with 
laparoscopic gastric bypass split into Group 1 
(n = 25) with vagal nerve preservation and Group 
2 (n = 22) with vagal nerve section. They evaluate 
clinical, functional (oesophageal transit, endos-
copy, pH-metry and manometry) and laboratory 
(ghrelin and gastrin) parameters. No significant 
differences are found in weight loss, overall satis-
faction, feeling of hunger or satiety, dumping and 
ghrelin or gastrin levels. He concludes that the 
section of the vagal trunks facilitates the forma-
tion of the gastric pouch without having adverse 
effects.

Frantzides et al. [39] study 108 patients split 
into two groups, with transection of the lesser 
omentum (n = 48) and with preservation of the 
lesser omentum (n = 64). Two years after the lap-
aroscopic Roux-en-Y gastric bypass, they were 
given a questionnaire with 17 symptoms, 11 of 
which were more frequent in the transection 
group (p <0.05). The interpretation is that the 
symptoms in this group, above all dumping, are 
due to a vagotomy when sectioning the fibres 
contained in the lesser omentum. The recommen-
dation is to change to the preservation of the 
vagal axis, if a large incidence of dumping symp-
toms occurs in patients with transection of the 
lesser omentum.

Van Wezenbeek et al. [37], studying the theory 
that, in humans, the vagal block reduces ghrelin 
levels, thereby increasing satiety, reducing food 
ingestion and promoting greater weight loss, 
analyse 773 consecutive patients with laparo-
scopic gastric bypass in two groups, with transec-
tion of the neurovascular axis (NBT, n = 407) and 
with preservation of the neurovascular axis (NBP, 
n = 366). The operating time of the two groups 
was, respectively, 67.7  minutes and 60  minutes 
(p = 0.001). 81.2% of the patients had 1 year’s 
follow-up, and 49 patients (6.3%) developed 
complications (NBT 8.8% vs NBP 3.6%, 
p = 0.003). The incidence of complications var-
ied according to the group, NBT or NBP, and also 
according to the type of event: fistula (3.3% vs 
1.4%, p  =  0.09), bleeding (2.7% vs 1.4%, 
p  =  0.19), or intra-abdominal abscess (4.4% vs 
1.6%, p = 0.026). However, weight loss did not 
increase in the transection group.

The authors have systematically carried out 
the preservation of the neurovascular axis since 
the start of their experience with open gastric 
bypass in 1998 and then since starting laparo-
scopic gastric bypass in 1999.

 Trapping of the Gastric Tube

Complications relating to the nasogastric or 
orogastric tube, calibration bougie or tempera-
ture sensors are rare, but in the case of bariatric 
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surgery and specifically LRYGB, they are com-
plications to be feared and occasionally hard to 
resolve. Between 1.2% and 5% of tube-related 
complications [40, 41] in patients receiving 
LRYGB interventions has been published.

The most important thing about these compli-
cations is that they can be prevented by limiting 
the use of tubes, in number and time, not simulta-
neously using more than one tube and, when 
using the orogastric calibration tube, making sure 
that the anaesthetist removes it or moves it, if a 
stapling or anastomosis is going to be carried out. 
Communication between the surgeon and the 
anaesthesiologist is, therefore, very important to 
limit the use of tubes in the stomach; their correct 
movement, provided it is necessary; and the per-
formance of a leak test to confirm the watertight-
ness of the sutures. Some authors recommend an 
intraoperative endoscopy to avoid the use of cali-
bration bougies [42].

In LRYGB, tube-related complications occur 
when the gastric pouch is created or, more fre-
quently, when the gastrojejunal anastomosis is 
carried out. In general, they are detected during 
the operation, and up to 22% [43] require con-
version to open surgery. The tube can be stapled 
or sutured during the anastomosis or reinforce-
ment stitches. The surgeon must discover this 
complication intraoperatively. He must be able 
to detect, through the touch of the stapler, any 
anomaly (use of excessive force, resistance to 
the stapling, difficulty in closing the device, 
bleeding or deformity in the staple line, etc.). If 
they are handsewn sutures, resistance to the pas-
sage of the needle may indicate, though not 
always, the suture of the tube.

If the tube is stapled, it is necessary to dissect 
and release it with the subsequent resection of the 
stapled area. If it is an anastomosis, it is advisable 
to redo it completely. A high fistula incidence 
when defects created to remove the tube are 
sutured has been published. The rate of post- 
operative fistulas (17.6%) and general complica-
tions (29%) are higher after these repairs [44]. If 
the gastric reservoir is too small, it may be neces-
sary to carry out an oesophageal-jejunal anasto-
mosis. Attempts to manually or mechanically 
resuture the anastomosis usually achieve worse 

results. Drains must be left, it being advisable to 
place a nasojejunal feeding tube through the gas-
trojejunal anastomosis or a gastrostomy feeding 
tube in the remaining stomach as well as prolong 
post-operative fasting.

 Gastrojejunal Anastomosis

There is no consensus in the bariatric surgery 
field on the best way to carry out gastrojejunal 
(GJ) anastomosis in the laparoscopic gastric 
bypass. Generally, a narrow anastomosis is con-
structed, which can favour the appearance of ste-
nosis. Calibration procedures, with or without 
bougies, are usually used to avoid this 
complication.

The handsewn anastomosis, proposed by Higa 
et al. [24], is the most technically difficult to mas-
ter, and it has the longest learning curve. In this 
kind of anastomosis, non-absorbable sutures can 
lead to the appearance of an ulcer, in addition to 
the development of a bezoar. The two-layer 
suture has a greater risk of ischemia, in addition 
to the narrowing due to the invagination it pro-
duces. The running suture, by being tied with ten-
sion, if it is not done on a tube that calibrates the 
anastomosis, can reduce its perimeter [43]. 
Vasquez et al. [44] mention fewer complications 
from gastrojejunal anastomosis in their series of 
315 gastric bypasses, if the reinforcement suture 
used on the circular 25 mm stapling is done with 
absorbable thread. Ruiz de Adana et al. [45], in 
his prospective cohort study of 242 LGB with 
manual anastomosis, obtains 9.5% stenosis in the 
gastrojejunal anastomosis with absorbable 
braided suture group and 0.7% in the group done 
with absorbable monofilament thread.

The technique of the circular-stapler anasto-
mosis was originally proposed by Wittgrove et al. 
[46], using the orogastric technique. The size of 
the anvil conditions a certain anastomotic open-
ing; therefore, the circular 21  mm stapler pro-
vides an internal opening diameter of 11.8 mm, 
while the 25 mm stapler gives an internal diame-
ter of 15.3 mm [47]. Several studies have shown 
a high risk of stenosis when the 21 mm stapler 
was used [43, 48, 49]. In Suggs et al. [50] study 
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of 438 patients, those LRYGB carried out with a 
25 mm stapler had 2.9% stenosis, compared with 
9.4% with a 21 mm stapler. Fischer et al. [51], in 
a prospective randomized blind study of 200 
patients, comparing both diameters, find 17% 
stenosis with 21  mm and 7% with 25  mm. 
Baccaro et  al. [52], in another study of 639 
patients, find that the rate of stenosis is 7.12% 
with the 21  mm stapler, compared with 1.09% 
with the 25 mm stapler (p < 0.0004). The analysis 
of 5 studies and 1217 patients (393 with a circu-
lar 21  mm stapler and 824 with a 25  mm one) 
shows a significant increase in stenosis with the 
21 mm stapler (p = 0.0001) [53]. However, Frutos 
et al. [54], in 676 LRYGB with the 21 mm stapler 
anastomosis, obtain 3.4% stenosis.

The linear-stapled anastomosis technique, 
popularized by Williams and Champion [55] and 
by Schauer et al. [56], requires the manual sutur-
ing of the enterotomy. In a meta-analysis of 7 
comparative or randomized studies that brought 
together 808 patients, the rate of stenosis in the 
linear-stapled anastomosis fluctuated between 
0% and 10%, with an average of 4.6% [57]. In a 
retrospective study on 1291 patients with linear- 
stapled anastomosis, stenosis was recorded in 
7.3% [58]. The orientation of the handsewn clo-
sure of the enterotomy is very important; it can 
be done lengthwise, stomach with stomach and 
jejunum with jejunum, or crosswise, stomach 
with jejunum. In a study [59] on 197 patients, 97 
with lengthwise closure and the rest with cross-
wise closure, the rate of stenosis of the anastomo-
sis was 16%, compared with 0%, respectively (p 
<0.0001). Our own experience [60, 61], in 1271 
banded gastric bypass with linear-stapled gastro-
jejunal anastomosis and crosswise closure tech-
nique of the enterotomy with monofilament 
absorbable suture, the stenosis rate was 2.3%.

 Stenosis of the Gastrojejunal 
Anastomosis

The definition of stenosis of GJ anastomosis is 
variable, the most accepted being that the 
9.8 mm endoscopy cannot be inserted through 
the stoma [62, 63].

The incidence of stenosis of the GJ anastomo-
sis after laparoscopic gastric bypass fluctuates 
between 0% and 26.8% [49, 60, 63–65]. Among 
other considerations, the learning curve is also 
important; therefore, in our first 100 cases, with 
linear-stapled anastomosis and handsewn suture 
of the enterotomy opening, the incidence of ste-
nosis was 9% [61], falling to 2.3% in the next 
1271 cases [60].

Different technical factors can cause or facili-
tate the appearance of stenosis in gastrojejunal 
anastomosis, such as the type of suture, manual, 
absorbable or non-absorbable, one-layer or two- 
layer, mechanical circular or linear stapler, the 
tension in the anastomosis, its irrigation, the use 
of the antecolic or retrocolic route for the Roux- 
en- Y loop [66], a marginal ulcer [48, 67], a sub-
mucosal hematoma that evolves into ischemic 
cicatricial fibrosis [68], the scarring of an anasto-
motic fistula [69], endoscopic hemostatic sclero-
ses and their possible retraction [43, 64], etc.

There are different studies that compare the 
three primary methods of performing gastrojeju-
nostomy, the main purpose being the rate of 
stenosis:

• Manual vs circular-stapled suture. Abellan 
et  al. [70] prospective randomized study of 
238 patients comparing handsewn suture vs 
circular- stapled suture finds that there was no 
difference in the rate of stenosis.

• Manual vs linear-stapled suture. Awad et al. 
[63] compare the results of two surgeons 
trained in bariatric surgery with 366 patients 
(linear suture = 144 and manual suture = 222). 
The rate of stenosis that required dilatation 
was 7.7% in the manual suture vs 0% in the 
linear suture (p <0.001).

• Linear-stapled vs circular-stapled suture. 
Data from 8 studies and 1321 patients is ana-
lysed by Giordano et al. [71]. There is a sig-
nificant difference in favour of linear 
anastomosis in terms of a lower rate of ste-
nosis. In another study from a single centre, 
in 55 patients the rate of stenosis of gastroje-
junal anastomosis was 14.7% with a circular 
21 mm stapler versus 3.2% with a linear sta-
pler (p = 0.001) [60].
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• Manual vs circular-stapled vs linear-stapled 
suture. In Lee et al. study [72] of 426 patients 
(manual = 174, circular-stapled = 110 and lin-
ear-stapled  =  142), there were no significant 
differences in the incidence of stenosis among 
the three techniques, though the linear suture 
was the one that required a lesser number of 
post-operative dilatations. In Jiang et  al. [73] 
recent meta-analysis which includes 13,626 
patients (manual  =  3.309, circular-sta-
pled = 6791 and linear-stapled = 3526), there 
were no differences as for the risk of stenosis 
(manual vs circular-stapled: OR, 1.80; 95% CI, 
0.66–4.87; p = 0.67 and manual vs linear sta-
pled: OR, 1.23; 95% CI, 0.62–2.44; p = 0.56).

In those studies, in which there were signifi-
cant differences regarding the incidence of steno-
sis, this was not the case about weight loss in the 
short-medium term; that is, more stenosis does 
not lead to greater weight loss.

Anastomotic stenosis responds well to endo-
scopic dilatations, albeit with a certain risk of 
perforation [74]. With 6% stenosis, 61 out of 
1012 patients reported by Ukleja et  al. [75] 
received 128 dilatations which in all of them 
resolved the issue. Though three showed radio-
logical perforation criteria, they were not con-
firmed in the laparoscopic exploration and were 
resolved with drainage, antibiotics and gut rest, 
with no further complications.

 The Jejunal Loop

 Error in the Measurement of the Loop

Though in proximal gastric bypass, which is the 
most often used, a certain margin of variability in 
the length of the alimentary loop is not particu-
larly significant, which is why it is usually approx-
imately calculated. However, in the distal gastric 
bypass, the common loop must be scrupulously 
measured, for which the most suitable thing is to 
use clamps marked at a known distance.

 Roux-en-O Configuration

The anastomosis, in error, of the biliopancreatic 
loop to the gastric reservoir involves the forma-
tion of a “Roux-en-O”, a closed circuit that, if it 
occurs unnoticed during the operation, causes 
gastric distension and bilious vomiting and can 
produce a dehiscence of the anastomosis. When 
it is diagnosed, the gastrojejunal anastomosis 
must be undone and redone correctly. Shermann 
et al. [76] advise using a short biliopancreatic 
loop, identifying the ligament of Treitz and cre-
ating the Roux-en-Y immediately after section-
ing the jejunum. Our preference is to start with 
the jejunojejunal anastomosis of the Roux-
en-Y, always keeping the end of the biliopan-
creatic loop held with a clamp from the time of 
the transection, during the measurement of the 
alimentary loop and until the anastomosis is 
completed.

 Position of the Alimentary Loop

Internal hernia is the most frequent late compli-
cation, which can reach 16% [77]. Most of the 
authors start, in the late 1990s, by carrying out 
laparoscopic gastric bypass with the Roux-
en-Y loop passed through the retrocolic route 
[3, 6, 25, 78–81]. With this technique, most 
internal hernias are caused in the mesocolic 
window through which the loop passes [6, 79, 
80] (Figs.  24.5 and 24.6). In our own experi-
ence, in the first 276 retrocolic laparoscopic 
gastric bypass cases, we had an internal hernia 
incidence of 1.8% (n = 5), 4 of which occurred 
in the mesocolic breach. Changing the position 
of the Roux-en-Y loop from retrocolic to 
antecolic, the internal hernia incidence fell 
from 4% to 0.5% [74] and from 7% to 2% [73], 
respectively. Since then, most bariatric sur-
geons switched to this technique (Fig. 24.7). 
Steele et al. [82] report 2.6% of internal hernias 
in retrocolic and none in antecolic, closing all 
defects in both ways.
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 Kinking of the Loop

This eventuality is more likely if the retrocolic- 
retrogastric route is used to lift the alimentary 
loop towards the reservoir, since it is hidden 
behind the stomach. One safety manoeuvre is to 
open a window onto the gastrocolic omentum to 

display its position before carrying out the gastro-
jejunal anastomosis. In the antecolic- antegastric 
route, this kinking is very rare, since the loop is 
always visible. If the passage or vascularization of 
the loop is compromised, it will be necessary to 
redo the anastomosis with the loop in the correct 
position. If not, it is not strictly necessary.

Mesenteric defect closure manoeuvres, in 
addition to preventing the formation of internal 
hernias, can show the unnoticed incorrect posi-
tion of the loop.

 Orientation of the Antecolic  
Roux- en- Y Loop

In addition to the upward route and the suture of 
the mesenteric defects as the most determining 
factors in the reduction in the number of internal 
hernias, there are others that have not been suffi-
ciently studied. Quebbemann et al. [83], in 2005, 
indicate that the orientation of the distal tip of the 
antecolic alimentary loop, in the gastrojejunal 
anastomosis, notably affects the internal hernia 
incidence in laparoscopic gastric bypass 

Fig. 24.5 Internal hernia sites. (1) Mesocolic defect. (2) 
Petersen’s space. (3) Mesenteric defect

Fig. 24.6 Authors’ first banded LRYGB technique. 
Retrocolic and retrogastric

Fig. 24.7 Authors’ current banded LRYGB technique. 
Antecolic and antegastric
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(Fig. 24.8). They analyse two consecutive series of 
200 patients each: A (distal tip of the loop towards 
the lesser curvature) and B (opposite orientation). 
An internal hernia occurred in 9% of Group A 
compared with 0.5% in Group B. Follow-up was 
2.1 and 1.6  years, respectively. A more recent 
study [82] insists on the significance of the orien-
tation of the Roux-en-Y loop, but with a different 
result, since in its 86 cases with the end cut of the 
Roux-en-Y towards the lesser curvature, only 1 
internal hernia was detected.

Nandipati et al. [84] publish the comparative 
results from 444 antecolic laparoscopic gastric 
bypass patients, split into two groups: Group 1 
with 291 patients with a clockwise rotation of 
the Roux-en-Y loop (Fig.  24.9) and Group 2 
with 151 patients with an anti-clockwise rotation 
(Fig. 24.9). The global internal hernia incidence 
is 6.9% and 0.6%, respectively. Eighty-one per-
cent of hernias occur in Petersen’s space, and 
there continue to be differences for this location 
among Groups 1 and 2 (5.5% vs 0.6%, 
p = 0.0089). There is still a significant difference 
between Groups 1 and 2 when Petersen’s space 
closed (Group 1, 4/54 (7%); Group 2, 0/63 (0%) 
(p  =  0.043)) and a difference, albeit insignifi-

a b

Fig. 24.8 (a) Tip of the alimentary limb oriented oppo-
site to the lesser curvature. (b) Tip of the alimentary limb 
oriented to the lesser curvature

TREITZ

A

B

TREITZ

A

B

CC

Fig. 24.9 Position of the alimentary limb at the jejunojejunostomy. (Left) Anti-clockwise. (Right) Clockwise.  
A: Alimentary limb. B: Biliopancreatic limb. C: Common limb
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cant, when this was not sutured: 12/237 (5.1%) 
vs 1/88 (1.1%) (p  =  0.12). According to the 
authors, this is probably due to the scant number 
of patients in this subgroup. The conclusion is 
that the construction of the antecolic Roux-en-Y 
loop with an anti-clockwise rotation of the 
bowel, in such a way that both the jejunojejunal 
anastomosis and the ligament of Treitz are to the 
left of the axis of the mesentery, significantly 
reduces the internal hernia incidence, regarding 
the clockwise rotation of the intestine.

From the beginning of our experience, we have 
used the anti-clockwise orientation and the clo-
sure of the mesenteric defect with an internal her-
nia rate, in the antecolic laparoscopic gastric 
bypass of 1% (14/1479) and with a minimal fol-
low- up of 30  months. In the first 777 patients, 
Petersen’s space was not closed, and the internal 
hernia incidence was 1.8% (14/777) (Fig. 24.10), 
while in the remaining 702, in whom it was closed 
with a continuous non-reabsorbable suture, there 
was no internal hernia (0/702) (p = 0.0003) (Cruz 
Vigo JL&F, 2017, unpublished data).

 Jejunojejunostomy

In the laparoscopic Roux-Y gastric bypass tech-
nique, whether it be retrocolic or antecolic, a 

jejunojejunostomy can be carried out prior to cre-
ating the gastric pouch, after having constructed 
it or after the gastrojejunal anastomosis has been 
performed. Most surgeons use for this anastomo-
sis a 45 mm or 60 mm linear stapling device. The 
closure of the enterotomy can also be done with a 
linear stapler or with a handsewn running suture. 
When this closing suture is done with the linear 
stapler, the suture is orientated crosswise with 
regard to the jejunojejunal staple line, with 
 different incidences with this technique having 
been described, both in open and laparoscopic 
Roux- Y- gastric bypass. Brolin et al. [85] describe 
obstruction in the jejunojejunostomy in 3 out of 
393 cases (0.76%), caused by folding from the 
distal loop to the anastomosis on itself at the level 
of said cross stapling, and describe an “anti- 
obstructive” stitch to avoid it. Hwang et al. [78] 
publish stenosis or kinking of the anastomosis in 
4 and 9 cases, respectively (0.76%, 13/1715), 
with closure of the enterotomy using a linear sta-
pler and 2 or 3 “anti-obstruction” stitches. In 12 
out of the 13 cases, the obstruction was diag-
nosed in the first 3 weeks, with reoperation being 
necessary in the great majority.

Problems with jejunojejunal anastomoses 
seem to be largely due to technical matters, and, 
in that respect, we think that the technique 
described by Lönroth et al. [86] increases the dif-
ficulties and risks of this anastomosis. Briefly, the 
technique consists in creating an antecolic- 
antegastric omega loop gastrojejunal anastomo-
sis. The jejunojejunal anastomosis is performed 
afterwards in the supramesocolic compartment, 
sometimes involving considerable difficulties. 
Finally, the omega loop is transformed into a 
Roux-en-Y loop by transecting the biliopancre-
atic loop next to the gastrojejunal anastomosis. In 
the Lönroth series published on 150 patients, one 
early obstruction was detected in the jejunojeju-
nal anastomosis, which required reoperation, and 
another patient died on the third day from acute 
gastric dilatation and perforation of the gastric 
remnant, due to biliopancreatic limb obstruction 
secondary to stenosis at the level of the jejunojeu-
nal anastomosis.

Stenberg et al. study [87] is the largest ran-
domized study published on the closure of mes-

Fig. 24.10 CT scan showing gastric dilation by acute 
post-operative obstruction secondary to Petersen’s inter-
nal hernia
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enteric defects in laparoscopic Roux-en-Y 
gastric bypass with the Lönroth technique [86]. 
Twelve centres in Sweden participated, gather-
ing 2507 patients split up into two groups, one 
with closure of mesenteric defects (mesentery 
and Petersen’s space) and the other without clo-
sure, with a 2-year follow-up in 99.8% of 
patients. It was concluded that, after 3 years, the 
closure of mesenteric defects with a running, 
braided, non- absorbable suture significantly 
reduces the need for late reoperation (after 
30  days) due to intestinal obstruction, whose 
most frequent cause (68%) is internal hernia, 
with a significantly different incidence between 
both procedures (2.1% with closure of defects 
vs 7.1% without closure of defects). However, 
the number of early major complications within 
30  days of surgery, according to the Clavien-
Dindo classification, was 4% when mesenteric 
defects were closed compared with 3%, when 
they were not (p  =  0.027). The most frequent 
cause of intestinal obstruction in the early post-
operative period was kinking and stenosis of the 
jejunojejunostomy with 16 cases, when the 
defect was closed, compared with 3 cases of 
which it was not. As a possible explanation, it is 
indicated that, though all the surgeons were 
experts in laparoscopic gastric bypass, it was 
not with respect to mesenteric defects closure 
and this could cause unfavourable consequences 
due to the learning curve.

In the authors’ experience of over 2000 jeju-
nojejunal anastomoses carried out in the 
inframesocolic compartment, with closure of 
the insertion hole with handsewn running 
monofilament absorbable suture orientated 
lengthwise, in the same direction as the staple 
line not crosswise thereto, there was no obstruc-
tion, kinking, stenosis or other complication, 
neither early (<30 days) nor late (>30 days), in 
this jejunojejunal anastomosis. In no case was 
anti-obstruction stitch used.

In summary, close attention to technical details 
and laparoscopic surgical manoeuvres, using deli-
cate and precise surgical instruments, besides sur-
geon’s experience and skillfulness, based on a 
tutorized learning, are the best preventive mea-
sures of LRYGB post-operative complications.

Disclosure The authors declare that they have no con-
flicts of interest concerning this chapter.
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 Purpose

The objective of this chapter is to demonstrate 
and review the main steps for the accomplish-
ment of laparoscopic gastric bypass surgery to 
allow for standardization, reproducibility, and 
performance with fewer difficulties and 
complications.

 Introduction

The laparoscopic gastric bypass is currently one of 
the most frequently used procedures in metabolic 
and bariatric surgery [5, 6, 8, 12–14, 16, 17]. The 
laparoscopic approach to this procedure was ini-
tially published by Allan Wittgrove, followed by 
Gagner, Schauer, and others [5, 6, 9]. It was quickly 
accepted by the bariatric community, recognized as 
being a safe and feasible technique, with high effi-
cacy and low morbidity and mortality [17, 18, 22]. 
To assure the safety of the procedure, adequate 
training and the use of specific materials for better 
performance are imperative [7, 10].

This chapter presents the technical aspects of 
the operation and ways to facilitate its implemen-
tation. Several factors, such as appropriate surgi-

cal preparation, anesthesia, patient positioning, 
surgical team, appropriate materials, trocar posi-
tions, and standardization of the surgical steps, 
are critical to the safety of the procedure [1, 10].

The most common variables are addressed here: 
types of anastomoses [5, 9–11], better access to the 
upper mesocolic, anastomosis size [9], and the 
technical details of the anastomosis [2–5, 10]. The 
intent is make this procedure as safe as possible.

The robotic and single port approach can be 
used, but should be considered only if the bene-
fits to the patient are clear enough to justify the 
higher costs and increased operative time.

 Adequate Preoperative Preparation

In addition to adequate clinical, nutritional, and 
psychological preparation, the anesthetic proto-
col (see specific chapters) must be evaluated.

One of the most important factors is weight 
loss by the patient, which should occur during 
the period of preoperative preparation [19]. The 
loss of 5–10% of the initial body weight provides 
improved lung and cardiac reserve during surgery 
and postoperative recovery [17]. Furthermore, 
this approach optimizes the surgery, because 
it is specifically related to loss of intraabdomi-
nal fat mass and a consequent reduction in liver 
size and mesenteric fat. Thus, access to the ret-
rogastric cavity is less demanding and there is 
a clear reduction of tension in the gastrojejunal 
anastomosis.
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 Surgical Room Checklist

 Safe Surgery

Check the clinical protocol to be adopted, 
which must always be strictly followed, to 
ensure that it includes all items of the checklist 
for safe surgery: identification of allergy and 
bleeding history; control of the patient’s body 
and room temperature; recognition by all staff 
of the type of surgery to be performed; adequate 
materials and the patient’s examination results 
are available in the surgical suite; and preven-
tion of infection and thromboembolic events. 
Hypothermia can be prevented by using a ther-
mal blanket and heated infusion liquids. The 
verification of blood glucose before, during, 
and after surgery may be particularly impor-
tant for obese patients with insulin resistance 
or those who are already suffering from dia-
betes. Antibiotic prophylaxis must include the 
use of antibiotics immediately before and dur-
ing the course of surgery only. There is no con-
sensus in the literature on when, where, and for 
how long thromboembolism prevention should 
be continued. Our group routinely administers 
enoxaparin at 40  mg per day, beginning the 
day before surgery and continuing for 10 days, 
associated with mechanical prevention mea-
sures such as the use of progressive compres-
sion leg stockings (not pneumatic) and early 
ambulation.

 Equipment and Instruments

Special attention must be given to the choice of 
equipment and instruments for working with 
obese patients. A proper automatic and wider sur-
gical table allows generous inclination and good 
fixation of the patient. Suitable laparoscopy 
devices include cameras, preferably high- 
definition, and a high-flow insufflator. Appropriate 
surgical instruments include graspers for the 
digestive tract, needle holders of appropriate size 
for each surgical step, and available intestinal 
clamps; staplers with the appropriate cartridge 
for each tissue being operated; access trocars; 
and above all, with well-trained staff.

 Staff Position

The position of the table and the surgical staff 
should be as familiar as possible with laparo-
scopic procedures in the gastric esophageal tran-
sition. We choose to keep the patient in the supine 
position, slightly inclined; the surgeon and the 
assistant with the camera are on the right side of 
the patient, and the monitor, second auxiliary, 
and scrub nurse are on the left side. If there is 
only one monitor, place it on the left side of the 
patient, in a region close to the shoulder. If two 
monitors are available, the second will be posi-
tioned at the height of the right shoulder and 
within sight of the auxiliary and the scrub nurse. 
It is very important to position the patient 
between 15° and 30° of inclination before begin-
ning the incisions and the pneumoperitoneum.

 Intraoperative Technical Steps

 Access and Trocars

Many surgeons opt, if available, for trocars with 
direct view of the abdominal cavity. The first access 
may be done blindly or guided by these instru-
ments. Trocars with a disabled blade or without a 
blade are widely used, which has been linked to 
lower rates of bleeding complications. The prepa-
ration of the pneumoperitoneum can be made with 
a Veress needle. Some groups work with direct 
puncture using disposable trocars, and have not 
reported complications using this access. The other 
trocars should always be passed under direct vision. 
We use five incisions for gastric bypass, one being 
compatible with the type of stapler to be used. If a 
5 mm optical is available, only one trocar greater 
than 5 mm is required, the one for stapler use, and 
should be compatible to that use (Fig. 25.1).

TIP 1 Do not perform the first incision with the 
patient in the horizontal supine position. If the 
patient is placed in the inclined position before 
this incision, the surgeon’s working angle will be 
better. If this is the trocar with which staplers will 
be used, it should be compatible with the type of 
load to be used (typically 12  mm). Articulated 
staplers are preferable. The surgery can also be 
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performed with straight staplers, but the steps can 
become more complex.

TIP 2 Before the first incision, make sure that 
the anesthesiologist has already passed a naso-
gastric or orogastric tube for full stomach emp-
tying, sometimes filled with air for a difficult 
intubation or one that is more time consuming.

With the trocar subxiphoid of 5 mm, it may be 
a good option to use a grasping clamp that is set 
on the right arm of the diaphragmatic crus. This 
maneuver usually does not need any other type 
of incidental exposure. Some choose to use static 
retractors; however, we must be absolutely cer-
tain that the patient remains in a completely 
anesthetized state, at risk of extensive liver 
damage.

TIP 3 In cases of fatty liver with a high level of 
steatosis, a 10  mm trocar may be used with a 
clamp of the same size or even two clamps of 5 
mm each.

 Making the Gastric Pouch

Ask your auxiliary to remove the perisplenic fat 
and omenta to complete exposure of the gastric 
esophageal transition safely. Make sure the stom-
ach is completely empty and there is no more 
intragastric bougie.

Identify the left angle of the gastrophrenic 
ligament and section with an ultrasound or 
bipolar scalpel, or similar, to expose the left 
side of the diaphragmatic crus and perirenal 
fat. Clean the gastric esophageal transition fat 
carefully. At this time observe the esophageal 
hiatus. If there is sign of hernias that might 
insinuate the pouch into the mediastinum, 
especially after weight loss, it is appropriate to 
adjust the esophageal hiatus by performing 
hiatoplasty.

Ask your helper to position the clamp to 
expose the small gastric curvature below the 
hepatic branch of the vagus nerve.

TIP 4 The assistant supports the stomach with a 
clamp on its anterior wall near the lesser curva-
ture, pushing it up and toward the left.

Identify a remote location 4–6  cm from the 
cardia and section at least one vessel of the lesser 
curvature, pulling it with the left-hand clamp in 
the transverse direction and up. With the right 
hand, the ultrasonic or advanced bipolar scalpel 
is used to dissect in the posterior direction to the 
stomach until the gastric retrocavity. Perform 
maneuvers gently at this time to avoid lacerations 
with bleeding (Fig.  25.2). Some surgeons use 
monopolar energy, but this type of energy can 
cause electric accidents.

After viewing the free retrogastric space, posi-
tion the stapler in the transverse direction to the 
stomach with slight cephalic angulation 
(Fig. 25.3).

1

2

3

4

Fig. 25.1 Position of the access trocars. (1) Subxyphoid 
(5  mm) for liver elevator. (2) Right hypochondrium 
(5 mm) for surgeon’s left hand. (3) Right midclavicular 
line (10 mm) for optical (if you have 5 mm optics, replace 
for compatible trocar). (4) Medial border of the left 
abdominal rectal muscle (12 mm) about 20 cm below the 
xiphoid process trocar for stapler. (5) Left midclavicular 
line trocar (5 mm) to auxiliary

Fig. 25.2 First entry in the small gastric curvature. The 
auxiliary pulls the stomach laterally. The surgeon gently 
pulls the vessels of the small curvature with his left hand, 
and seals and cuts one or two vessels to access the retro-
gastric cavity
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TIP 5 Ensure, with the anesthetist, that there is 
no intragastric bougie at this time.

TRICK A small cephalic angulation by stapler 
articulation will create a point at the pouch that 
will facilitate the introduction and fitting of the 
Fouchet tube.

With the left hand, firmly pull the right angle 
of the gastric stapling edge, positioning the sta-
pler, now with a new cartridge (45 or 60 mm), 
in the cardia region direction. Ask the anesthe-
tist to pass a Fouchet (number 32 or 36). 
Position the bougie in the lesser curvature, try-
ing to fit it into the tip of the first stapling. Avoid 
gripping the staple lines. After proper place-
ment of the bougie, ask the anesthesiologist to 
keep it in place under tension. If possible, par-
tially dissect the left side of the region of the 
right crus, visualized by the retrogastric face. 
Place the stapler against the Fouchet tube (thus 
the Fouchet is the approximate size of the new 
stomach). Fire the stapler and replace the car-
tridge (Fig. 25.4).

TIP 6 Request the anesthetist to gently mobilize 
the bougie to avoid clipping it and make sure it is 
free.

TRICK Be careful not to kink the pouch. So 
this does not happen, note the symmetry between 
the anterior and posterior wall of the pouch. A 

good reference is to observe the entry of vessels 
in the gastric wall and keep the tube pressed 
against the first row of staples.

To complete the gastric section and formation 
of the pouch, it is possible to dissect with the sta-
pler from the region behind the pouch until there 
is exposure of the same region of the gastro-
phrenic ligament dissected at the start of surgery.

TRICK The tip of the stapler often serves as a 
‘finger’ of the surgeon, with gentle maneuvers 
that allow good blunt dissection at that time.

Angle the stapler slightly to the left of the 
patient and fire. Make sure there was complete 
section of the stomach and creation of the small 
gastric pouch. Review hemostasis. Some groups 
neither do nor recommend suturing. Because a 
transfixing hemostatic suture may be made with 
the new staplers and suture line protection 
devices, most likely this maneuver will no longer 
be required.

 Intestinal Time and Anastomosis

Reduce the patient’s position to 10° cephalic 
slope. Locate the greater omentum in a less thick 
spot. Section it with an ultrasonic scalpel or simi-
lar device (bipolar with built-in scissors is a good 
choice) near the transverse colon. The help of the 
auxiliary clamp is very important at this time 
(Fig. 25.5).

Fig. 25.3 Stapler positioned for first shot. Maintain an 
angle of approximately 60° in relationship to the dissected 
small curvature. Use appropriate cartridge. Generally, it is 
not necessary to articulate the stapler in this position. 
Observe that the Fouchet is not in the stomach

Fig. 25.4 Second stapler firing. If there is possibility of 
variable size load use, choose 60  mm. Keep the stapler 
straight, adjusted to the Fouchet 32F or similar. Avoid 
twisting at this time. Follow up to complete septation

F. Almeida et al.



209

TIP 7 In general, the spot of better access is 
more to the left of the patient.

Locate the transverse mesocolon. The same 
must be fixed with the clamp of the auxiliary to 
the left of the Treitz angle as near as possible to 
the transverse colon without grasping the colon 
and with traction in the superior way and crani-
ally. Identify the Treitz angle to the root of the 
transverse mesocolon.

TIP 8 To confirm the first jejunal loop and the 
angle of Treitz, try to identify the ligament and 
the passage of the mesenteric vein.

From the Treitz angle, measure the jejunal 
loop to make a excluded limb (called the 
biliary- pancreatic limb). Measure 1  m using 
two clamps with marks of 5 or 10 cm, always 
being sure to leave the excluded limb to the left 
side of the patient. After measuring 1 m, locate 
a lower tension point and ask the assistant to 
hold this limb, elevating it to the top position of 
the abdomen.

TRICK The best way to hold this limb will 
always be using tweezers, firmly, with the jaws 
perpendicular to the small intestine.

Place the limb on OMEGA scan through the 
pre-colic so that it exposes the edge against the 
mesentery to the surgeon (Fig. 25.6).

Perform with ultrasonic scalpel, mono- or bipo-
lar, a hole in the gastric pouch, on the right side, 
toward the Fouchet, outside the staple line. Never 
pierce the line of staples, especially if using mono-

polar energy. There is risk of power dissipation by 
parallel staplers, compromising the staple line. It is 
essential to maintain the bougie on this site.

TIP 9 At the time of completion of the hole in 
the gastric pouch, ask the anesthesiologist to 
maintain the Fouchet tube in place with some ten-
sion, so it can serve as a support against the pres-
sure of the ultrasonic scalpel in making the hole.

Make a hole also in the jejunal loop supported 
by the auxiliary. Dilate slightly with a Maryland 
forceps. Place the stapler with blue load, intro-
ducing a 3.0  cm cartridge on the pouch. This 
maneuver is much easier if instead of pushing the 
stapler, we choose to pull the gastric pouch gen-
tly, rotating the stapler slightly toward its axis. 
For this technique, the stapler need not be articu-
lated at this time. Use the stapler area that receives 
the staples for smooth introduction into the neo-
gastric pouch, aided by a light draw Fouchet tube, 
which will serve as a guide for introduction of the 
stapler in the neo-stomach (Fig. 25.7).

TIP 10 For the introduction of the stapler in the 
gastric pouch, support the stapler in the Fouchet 
through the hole previously made and ask the 
anesthesiologist to retrocede the bougie slowly as 
the stapler is being introduced.

Double check that the edges of the anastomo-
sis are aligned; avoid misaligned edges of the 
limb or the gastric pouch. If possible leave the 
initial staple line between the lines of anastomo-

Fig. 25.5 Elevation of transverse mesocolon by the aux-
iliary, after septation of the greater omentum. Location of 
Treitz angle. Check fixed jejunum and middle colic artery

Fig. 25.6 After measuring 1 m biliopancreatic limb to be 
positioned at the patient’s left, keeping an omega limb, 
analyze if the mesentery is sufficiently loose to perform 
anastomosis. If necessary, make small adjustments
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sis. Fire the stapler. Pass the Fouchet through the 
anastomosis, leaving it positioned in the alimen-
tary limb to protect the anastomosis from being 
accidentally occluded in the suture closure of the 
stapling gap. Make an extramucosal continuously 
running suture until the gap is completely closed 
(Fig. 25.8).

TIP 11 Make a stitch with PDS 3-0 in the left 
angle of the anastomosis and ask the auxiliary to 
pull in the anterior left direction; this symmetri-
cally exposes the area to be closed, preventing 
kinks.

Then expose the transverse mesocolon, with 
the auxiliary’s help, and locate the mesentery of 
the alimentary limb for viewing the Petersen 
space. Close the space carefully, starting from the 
base of the transverse mesocolon, laterally to the 
middle colic artery (Figs. 25.9 and 25.10) [2–4].

TIP 12 Use a wire with a loop at the end, and 
pass all the sutures homogeneously without 
twists. Usually four to five continuous points are 
sufficient. Either nonabsorbent or slow absorp-
tion wire can be used.

Ask your helper to hold the bilio-pancreatic 
limb. Create a mesenteric gap in the pancreatic- 
bilio portion of the intestine 1–2 cm apart from the 
anastomosis that will serve to pass one of the sta-
pler jaws. Use stapling for creation of an excluded 
loop with 45  mm load (usually white or beige 
load). At this time, turn the stapler, causing the load 
(thickest area) to be free, and the stapler receptacle 
is passed in the bowel in a minimum space, avoid-
ing opening the bowel too much (Fig. 25.11).

In most cases the limb turns easily without the 
need to expand the mesentery section. Turn the 
excluded limb in the flow direction, and from that 
moment, it does not need to be maintained by the 
auxiliary.

Fig. 25.7 Accomplishment of mechanical terminolateral 
anastomosis, linear, with 3 cm stapling. Use care to main-
tain alignment of the stapler jaws. If possible, leave staple 
line of gastric pouch positioned anteriorly

Fig. 25.8 Suture closure of stapling gap. We began on 
the left side angle of anastomosis with continuous trans-
fixing suture, encompassing stomach and jejunum, until 
end of gap created to insert the stapler. On open gap, use 
seromuscular extramucosal suture

Fig. 25.9 Petersen space exposition. The auxiliary lifts the 
transverse mesocolon closest to the edge of the colon. Start 
a continued suture with preformed loop, suturing the trans-
verse mesocolon to the mesentery food limb. Avoid close 
proximity to the vascular pedicle and avoid leaving small 
open spaces at this time. Finalize approach of the colon

Fig. 25.10 Detail of Petersen space closure
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Starting from the gastrojejunal anastomosis, 
measure between 1 and 2.5 m of the jejunum, taking 
care to place the alimentary limb on the right side  
of the patient. Fix the site measured with the aid  
of the clamp holding the alimentary limb [20, 21]. 
As already described, make a hole in each limb with 
an ultrasonic scalpel, dilate with Maryland forceps, 
and introduce a white load of 30 or 45 mm. The 
cartridge is positioned in the alimentary limb, and 
the part receiving the  staples is excluded. Fire the 
stapler and review hemostasis (see Fig. 25.12).

Start closing the hole (caused by the passage 
of the stapler) from the left edge of the hole so 
that the auxiliary can pull on the thread during 
closure. Perform an extramucosal running suture 
with PDS 3-0 (Fig. 25.13).

Keep the auxiliary pulling the edge of the 
anastomosis to expose the mesenteric defect 

(Fig.  25.14). Close the defect with continuous 
suture Ethibond or PDS 2-0. Use care to prevent 
bleeding in the mesentery as well as twisting of 
the anastomosis (Fig. 25.15).

In the option of manual anastomosis, these 
procedures may be performed in the same way, 
always starting from the most distal side in rela-

Fig. 25.11 Make small gap in the mesentery of the bil-
iopancreatic loop, which simply allows passage of the 
stapler. At this time, we chose to use the load anteriorly 
and the staple receiving jaw posteriorly: this facilitates 
introduction and viewing of this operative time. Maintain 
distance of 2 cm from gastrojejunal anastomosis

Fig. 25.12 After measuring the alimentary limb with 
1.7  m positioned to left of patient, we prepared for 
mechanical anastomosis, antimesenteric, anisoperistaltic. 
Use stapler of 45 mm or 30 mm if available

Fig. 25.13 Begin closing stapler gap. Note auxiliary 
pulling anterocranially to the left, exposing the gap. 
Continue extramucosal seromuscular suture, initiated in 
default, until complete occlusion of gap

Fig. 25.14 After closing the enteroenterostomal gap, we 
request that the auxiliary pull on the last thread of the 
suture for exposure of the mesenteric gap that will be 
occluded with simple suture, started in serous layer, until 
complete closure

Fig. 25.15 Detail of final closure of mesenteric defect
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tionship to the surgeon: this is valid for the two 
anastomoses, gastrojejunal and jejuno-jejunal.

 Suture Test and Conclusion 
of the Procedure

With the use of a clamp to occlude the alimentary 
limb, introduced by the auxiliary (lower left tro-
car), at a distance of 20–30 cm from the gastroje-
junostomy, reposition the patient slightly.

Introduce saline solution until the pouch and 
the gastrojejunal anastomosis are submerged. 
Ask your anesthesiologist to inject air by Fouchet 
(50–60 ml) and verify that the gastrojejunostomy 
is airtight and there are no leaks (air leak).This 
test can be performed with methylene blue; how-
ever, there are reports of adverse drug reactions.

Aspirate the saline solution, and review hemo-
stasis. Currently, it is considered unnecessary to 
use a drain in the cavity, except in special situa-
tions (Fig. 25.16; final appearance).

Remove the trocars with special attention to 
bleeding. Whenever possible, close the trocar 
insertion sites of 12 mm. When opting to use a 
15  mm trocar, closure of the aponeurosis is 
required.

 Postoperative

After extubation by the anesthesiologist, we sug-
gest the patient should remain in the postanesthe-
sia recovery room. Despite some different 
approaches in current services, we do not indi-

cate intensive routine support therapy for laparo-
scopic gastric bypass (if there is no complication). 
Specific cases or possible complications intra- or 
postoperatively may require hospital care.

Early ambulation should be encouraged. 
A liquid diet may be introduced between 6 and 
12  h after surgery, and the patient may be 
 discharged at 48 h.
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Psychiatric Assistance in Bariatric 
Surgery

Adriano Segal and Debora Kinoshita Kussunoki

 Introduction

Pinpointing behavioral and psychological/psy-
chiatric predictive factors in bariatric surgery 
(BS) has been a major concern throughout surgi-
cal teams around the world. Despite the extensive 
research history and considerable amount of data 
obtained on this particular area, its scientific lit-
erature still remains somehow contradictory.

In this chapter, we will provide a brief review 
of persisting dilemmas in modern BS practice, 
examining its main controversies and non- 
consensual points of view. We will also discuss 
the bias toward psychiatric disorders (PD).

It is very likely that some points discussed in 
this chapter for bariatric surgeries will prove to 
be very similar and valid in metabolic surgeries. 
However, the data on the interface of this form of 
treatment and the psychiatric area are very 
scarce.

 Obesity and Prejudice

To the present, obesity is not classified as a PD 
[1, 2]. However, it is frequently studied from a 
similar theoretical standpoint, since it shares sev-
eral of PD’s characteristics, such as chronicity, 
multifactorial etiologies, some common patho-
physiological pathways, and a strong and wide-
spread associated social stigma, in addition to 
being frequently a comorbid situation as will be 
cited ahead.

Therefore, obese patients with mental disor-
ders are usually subject to twice the discrimina-
tion faced by regular psychiatric patients, a fact 
which often jeopardizes their global treatment.

The prejudice endured by these patients tends 
to extrapolate their social circle, and it is often 
present inside healthcare settings. Due to the 
assumption that there is a low likelihood of suc-
cess in treatment, several professionals underesti-
mate the obese patient’s ability to achieve positive 
therapeutic results. Assuming those patients as 
less able to be properly treated, the healthcare 
team becomes less engaged, often indulging on 
procedures and/or attitudes that lack effective-
ness or proven safety, creating burdens to – and 
actually delaying – the beginning of an adequate 
treatment [3]. In our experience, a significant part 
of health professionals still think and act (but not 
talk) as if obese patients were to blame for their 
condition despite the fast growing amount of evi-
dences on obesity’s multicausality.
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The negative stereotype of obese people is 
understandable (however indefensible) as the result 
of a prior lack of evidence on genetic, epigenetic, 
biological, metabolic, and environmental causation 
of the syndrome. However, historical issues have 
also played a significant role on the development of 
discrimination: examples are found in the Hebrew-
Christian culture, which preaches gluttony as a 
capital sin, and in Buddhism, which, since the 
twelfth century, has linked obesity to a karmic con-
sequence of moral failure. Those ideas survived 
and were reiterated on theories dating back to the 
end of the nineteenth and beginning of the twenti-
eth century, though in less obviously moralistic 
influenced versions. These state that obesity is por-
trayed as an effect of an underlying psychological 
conflict occurring in people who are essentially 
incapable of solving it: excessive eating would be a 
form of mitigating that conflict [3].

On the other hand, if one analyzes obesity 
from the point of view of psychological theories, 
it is possible to argue that cognitive-behavioral 
theories present some substantial merits. Among 
them, there is the tendency to avoid moral value 
judgments and to use scientific approaching 
methods which tend to be more pragmatically 
oriented and tend to be more suitable in terms of 
evidence-providing methodology [3].

As obesity is progressively identified as a 
chronic, recurrent, and severe disease with bio-
logic, genetic, and/or environmental foundations, 
the influence and controversial effect of less sci-
entifically elaborated explanations tend to 
decrease. With that in mind, one could expect that 
treatments focused on effective techniques and 
grounded on proper scientific evidence will prob-
ably win this epistemological battle over anec-
dotal reports constantly heralded on the media, 
causing the latter to submerge in ostracism. In this 
scenario, techniques that used to be mainstream 
should be made suitable and have their roles rede-
fined, if possible and proven to be effective.

 The Relation Between PD 
and Obesity

The interface between PD and obesity is very 
complex. Below we highlight some associations 
of interest [4, 5]:

• Obesity is very common among patients with 
schizophrenia, mood disorders (MD), atten-
tion deficit hyperactivity disorder (ADHD), 
and some eating disorders (ED).

• These PDs are common among patients that 
seek treatment for obesity [6]. We must note 
that patients with ED have a higher rate of 
association with MD and substance abuse [7].

• MD, overweight, and obesity are highly 
associated with compulsive binge eating epi-
sodes (the symptom, not necessarily the ED). 
And yet binge eating disorder (BED) itself is 
present in 4–6% of obese people, in 30% of 
obese patients (obese people that seek anti-
obesity treatment), and in about 45% of BS 
candidates [3, 6].

• Obesity, metabolic syndrome, depressive dis-
order (DD), bipolar disorder (BD), and 
schizophrenia are independently associated 
with high levels of morbidity and mortality 
of cardiovascular diseases and type 2 diabe-
tes [4, 5].

• Epidemiological studies show a positive rela-
tion between the presence of obesity and DD 
and BD in both women and men, with a varia-
tion of the level of obesity and age of onset. 
Patients with BD have elevated rates of over-
weight, obesity, and abdominal obesity. On 
the other hand, the presence of overweight, 
obesity, and visceral fat are also associated 
with some PDs [4, 5].

• People with depressive episodes during child-
hood have double the chance of being over-
weight during adult life [4].

In addition to these data, there is also an iatro-
genic factor, that is, psychiatric medication favors 
both weight gain and metabolic disturbances. 
Worth saying is that patients with BED and schizo-
phrenia that are not undergoing drug treatment at 
onset also present with higher weight and meta-
bolic disturbances than the overall population [4].

On the other hand, central nervous system- 
acting weight loss medications may induce, 
worsen, and sometimes improve psychiatric 
conditions.

As the reader can figure out, the complexity 
and depth of these associations would demand a 
much larger space to be properly discussed.
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 Preoperative Psychiatric Evaluation

There is an almost mystical expectation involv-
ing preoperative psychiatric and psychological 
evaluations for BS: some people implicitly 
believe that these professionals, i.e., psychiatrists 
and psychologists, can effectively read minds 
and/or predict the future. That is clearly and obvi-
ously not real. In our opinion, professionals in 
these areas should adopt a more humble attitude 
and make this fact clear to patients, to the 
patients’ family, and to the rest of the multidisci-
plinary team.

However, there is a good reason to undertake 
preoperative psychiatric evaluation: the high rate 
of psychiatric disorders within this population. 
Among the candidates for BS, the prevalence of 
PDs is clearly higher in relation to the overall 
population [3, 5]. This should not constitute a 
potential technical constraint to the procedure in 
patients with psychiatric disorders, even though 
this could be the case (see ahead). Actually, an 
improvement in mental health in the majority of 
the patients is observed [8], but nevertheless that 
stresses the need of psychiatric evaluation and 
reevaluation along the treatment.

Marcus et al. [9] found that 66% of BS candi-
dates presented at least one axis I diagnosis [1] 
throughout their lifetime: MD (15.6%), anxiety 
disorder, AD (24%), and BED (16.3%) were the 
most commonly found diagnoses.

Segal and Cardeal [10] and Sarwer et al. [11] 
found similar results, with only approximately 
25% of patients completely devoid of psychiatric 
diseases.

More recently, another study found similar 
figures in a larger population, with approxi-
mately 50% of BS candidates having at least 
three PD [12].

What is also interesting is that this population 
presented a higher usage rate of psychiatric medi-
cation when compared to the overall population, 
varying from 34.3% to 41%. In terms of distribu-
tion of medication type, the majority was taking 
antidepressants (30%) followed by anxiolytics 
(6.6%) and antipsychotics (3.3%). Most of these 
medications were prescribed by professionals who 
didn’t have a proper psychiatric background [9]. 

This fact strongly suggests a high incidence of 
under- or misdiagnosis in this population at the 
time of the preoperative evaluation. In our opinion, 
this aspect speaks in favor of the aforementioned 
prejudice and, still worse, could be the cause of 
some unwanted psychiatric outcomes, such as the 
possibly higher postoperative suicide rates (see 
specific chapter for a deeper discussion).

 The Relation Between PD and BS

As mentioned before, there is a lot of discussion 
on whether a predictive psychiatric/psychologi-
cal success factor in BS exists. To illustrate this 
controversy, in a totally anticlimactic fashion, 
Herpertz et  al. [13] considered the presence of 
psychiatric diagnosis as a good prognosis factor 
for BS outcome, except in the cases with severe 
axis I and II diagnosis.

Other reviews and studies found that patients 
with DD lost more weight than their peers [14] 
and that BED in surgery candidates did not pres-
ent a significant impact on BS outcome [15].

BED seems more compromising when its 
onset is during the postoperative period. However 
we cannot reliably predict the postoperative 
onset, maintenance, or remission of a PD in a 
given patient [16]. Therefore, one could reason-
ably conclude that a postoperative follow-up is 
much more important than the preoperative 
evaluations.

This data contradicts the common belief that 
psychiatric patients are likely to endure complica-
tions in the postoperative period. But as we know, 
common sense tends to have no direct  relationship 
to veracity and not be based on evidence. On the 
contrary, it may be mainly guided by prejudice. It 
is important to always keep in mind the myriad of 
prejudices whose verisimilitude is debated, and 
remember to include these on the list.

PDs may be present during postoperative 
period, but this topic will be explored in further 
detail in a later chapter of this book.

To address the question on how to deal with PD 
in bariatric surgery candidates, many Brazilian 
associations joined together and published the 1st 
Brazilian Consensus in Bariatric Surgery, according 
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to the best scientific evidence available at the time, 
to guide BS procedures [17].

The following associations were part of the 
consensus:

• Brazilian Society of Bariatric Surgery (SBCB)
• Brazilian College of Surgeons (CBC)
• Brazilian College of Digestive Surgery 

(CBCD)
• Brazilian Society of Laparoscopic Surgery 

(SOBRACIL)
• Brazilian Association of Obesity Studies 

(ABESO)
• Brazilian Society of Endocrinology and 

Metabolism (SBEM)

The consensus is an encompassing document 
in the specific area of multidisciplinary interven-
tions. In psychiatric terms, the Consensus states 
that:

Adverse conditions: current surgical proce-
dures are not recommended for obesity control in 
the following situations:

 A. Severe uncontrolled depressive states
 B. Current uncontrolled psychotic states
 C. Current drug abuse/dependence
 D. Significant irreversible cognitive/intellectual 

limitation in patients without adequate family 
support

Note: Severe psychiatric disorders, under 
proper control, do not contraindicate the 
procedures.

Items A and B are obviously important; how-
ever, once treated and in remission, they are not 
contraindications. However, these patients must 
undergo suitable psychiatric follow-up after 
remission.

In relation to item C, in view of current evi-
dence, our opinion is that the case of alcohol use 
disorder (AUD) is the diagnosis with which the 
correlation to the majority of drug-related post-
operative problems is higher [7, 18]. AUD, MD, 
and suicide will be further discussed in a spe-
cific chapter.

Special and individual attention must be given 
to patients that fall within item D, above. 

Diagnosis as Prader-Willi syndrome and neuro-
cognitive disorders (formerly included demen-
tias, a term abandoned in the DSM V [1]) must be 
discussed deeply with the family and team, care-
fully assessing the cost-benefit relation, given 
that there are not enough algorithms nor evi-
dences for generalized conclusions.

At our public and private hospitals, we follow 
the guidelines above, in addition to the guidelines 
set forth in Ministerial Directive no. 492, dated 
August 31, 2007, available at http://www.sbcbm.
org.br/legislacao.asp?menu=3.

 Surgery on Teenagers

The psychiatric and psychological evaluations of 
teenagers candidates for BS is still a topic under 
discussion. At our hospital, the parents or care-
givers are also evaluated.

For this age group, a major concern comes 
with getting information about AUD and preg-
nancy. Changes on alcohol metabolism are the 
main reasons for this concern [18, 19].

Other important issues are the impact of hor-
monal changes caused by weight loss and the 
potential increase of female fertility during a life 
stage when women are usually highly exposed to 
new stimuli.

In the AMOS study, part of the SOS study, 
results seem to match those seen in the adult pop-
ulation [20].

 Conclusion

Despite not being as common and pervasive as 
psychological evaluation, preoperative psychiat-
ric evaluation for BS is important and necessary. 
However, it should not be yet another source of 
prejudice against the patient. Arguably, psychiat-
ric evaluation should be an item to be included on 
global treatments which will have as ultimate aim 
obtaining excellence in patient care.

Aside from the overwhelmingly high preva-
lence of PD among BS candidates, one important 
reason to advise psychiatric evaluation during the 
preoperative phase is that unknown diseases that 

A. Segal and D. K. Kussunoki

http://www.sbcbm.org.br/legislacao.asp?menu=3
http://www.sbcbm.org.br/legislacao.asp?menu=3


219

are already present can be identified. Furthermore, 
a better multidisciplinary care can take place, 
strengthening the ties between the team and the 
patient. An additional role which we always por-
tray at our hospital and the private clinic is to 
demystify BS, PDs, and the potential interrela-
tions between them, not only for the patient and 
the family but also for other members of the team 
that are not familiar with PDs.

The psychiatric appointment provides an 
opportunity for reviewing expectations and moti-
vation in addition to fostering the discussion of 
information of great value and reinforcing and 
completing the actions of psychology. BS patients 
with PD can benefit from having their disease 
addressed during the preoperative period and 
planning their follow-up after surgery. However 
this intervention cannot be deemed as a penalty 
for having an additional disease. Identifying pre-
operative PD may actually improve global out-
come, not only in the weight loss field.

It is very important to stress out that psychiat-
ric and psychological evaluations and treatments 
are not interchangeable. The use of psychophar-
macological and other biological tools and 
changes in their efficacy after surgeries are cen-
tral aspects of that difference, and, as shown 
before, this use is more a rule than an exception.

Cases in which BS are contraindicated are 
rare. The preoperative psychiatric preparation is 
also limited to exceptional situations. In relation 
to that, in accordance with what the Brazilian 
Consensus in BS advocates, all items (eventual 
exception made to item C, above) are readily 
identifiable by various team members. As soon as 
this identification is made, prompt psychiatric 
referral should take place.

The postoperative psychiatric follow-up, ide-
ally implemented by psychiatrists, specialized 
in – or at least very familiar with – obesity and 
BS, is indicated for all patients that require it, but 
only for them. As already mentioned, obesity is 
not a psychiatric disorder, nor is it a psychoso-
matic disease. Based on the available data, to 
require that all patients systematically go through 
long interventions in the “Psy” areas as part of a 
comprehensive multidisciplinary protocol of 
preparation or even as follow-up is a waste of 

resources driven by prejudice or by aspects that 
are not directly linked to the diseases involved. 
More refined referrals should be the aim of prop-
erly designed interventions.

Acknowledgment The author would like to thank 
Rodrigo Rezende and Nathalie Gil for their English 
revision.

References

 1. American Psychiatric Association. Diagnostic 
and statistical manual of mental disorders. 5th ed. 
Arlington: American Psychiatric Association; 2013.

 2. The ICD-10 classification of mental and behavioural 
disorders. 1st ed. Geneva: World Health Organization; 
1992.

 3. Segal A.  Obesidade e comorbidade psiquiátrica: 
caracterização e eficácia terapêutica de atendi-
mento multidisciplinar na evolução de 34 pacientes. 
[Doutorado]. Universidade de São Paulo; 1999.

 4. McElroy SL, Allison DB, Bray GA, editors. Obesity 
and mental disorders: Taylor & Francisco Group, 
many chapters; 2006.

 5. Segal A, Kussunoki DK.  Depressão e Síndrome 
Metabólica. In. Louzã Neto MR & Elkis H, editors. 
Psiquiatria Básica 2ª ed. Porto Alegre: Roca; 372–
380, 2007.

 6. Segal A, Kinoshita Kussunoki D, Aparecida Larino 
M. Post-surgical refusal to eat: anorexia nervosa, buli-
mia nervosa or a new eating disorder? A case series. 
Obes Surg. 2004;14(3):353–60.

 7. Umberg E, Shader R, Hsu L, Greenblatt D. From dis-
ordered eating to addiction. J Clin Psychopharmacol. 
2012;32(3):376–89.

 8. Brandão I, Fernandes A, Osório E, Calhau M, Coelho 
R.  A psychiatric perspective view of bariatric sur-
gery patients. Arch Clin Psychiatry (São Paulo). 
2015;42(5):122–8.

 9. Marcus M, Kalarchian M, Courcoulas A. Psychiatric 
evaluation and follow-up of bariatric surgery patients. 
Am J Psychiatr. 2009;166(3):285–91.

 10. Segal, A. e Cardeal, M.V. Psychiatric disorders among 
patients at the waiting list for bariatric surgery  – 
HCFMUSP 1997. Non-published data.

 11. Sarwer D, Cohn N, Gibbons L, Magee L, Crerand C, 
Raper S, et al. Psychiatric diagnoses and psychiatric 
treatment among bariatric surgery candidates. Obes 
Surg. 2004;14(9):1148–56.

 12. Duarte-Guerra L, Coêlho B, Santo M, Wang 
Y. Psychiatric disorders among obese patients seeking 
bariatric surgery: results of structured clinical inter-
views. Obes Surg. 2014;25(5):830–7.

 13. Herpertz S, Kielmann R, Wolf A, Hebebrand J, Senf 
W. Do psychosocial variables predict weight loss or 
mental health after obesity surgery? A systematic 
review. Obes Res. 2004;12(10):1554–69.

26 Psychiatric Assistance in Bariatric Surgery



220

 14. Averbukh Y, Heshka S, El-Shoreya H, Flancbaum L, 
Geliebter A, Kamel S, et al. Depression score predicts 
weight loss following roux-en-Y gastric bypass. Obes 
Surg. 2003;13(6):833–6.

 15. Alger-Mayer S, Rosati C, Polimeni J, Malone 
M. Preoperative binge eating status and gastric bypass 
surgery: a long-term outcome study. Obes Surg. 
2008;19(2):139–45.

 16. Conceição E, Utzinger L, Pisetsky E. Eating disorders 
and problematic eating behaviours before and after 
bariatric surgery: characterization, assessment and 
association with treatment outcomes. Eur Eat Disord 
Rev. 2015;23(6):417–25.

 17. Sociedade Brasileira de Cirurgia Bariátrica, Colégio 
Brasileiro de Cirurgiões, Colégio Brasileiro de 
Cirurgia Digestiva, Sociedade Brasileira de Cirurgia 
Laparoscópica, Associação Brasileira para o Estudo 

da Obesidade, Sociedade Brasileira de Endocrinologia 
e Metabologia. Consenso Brasileiro Multissocietário 
em Cirurgia da Obesidade. 2006. Available at: 
http://www.sbcbm.org.br/associados.asp?menu=2. 
Accessed in: July/2012.

 18. Hagedorn J, Encarnacion B, Brat G, Morton J. Does 
gastric bypass alter alcohol metabolism? Surg Obes 
Relat Dis. 2007;3(5):543–8.

 19. Woodard G, Downey J, Hernandez-Boussard T, 
Morton J.  Impaired alcohol metabolism after gastric 
bypass surgery: a case-crossover trial. J Am Coll 
Surg. 2011;212(2):209–14.

 20. Olbers T, Gronowitz E, Werling M, Mårlid S, Flodmark 
C, Peltonen M, et  al. Two-year outcome of laparo-
scopic Roux-en-Y gastric bypass in adolescents with 
severe obesity: results from a Swedish Nationwide 
Study (AMOS). Int J Obes. 2012;36(11):1388–95.

A. Segal and D. K. Kussunoki

http://www.sbcbm.org.br/associados.asp?menu=2


221© Springer Nature Switzerland AG 2020 
J. Ettinger et al. (eds.), Gastric Bypass, https://doi.org/10.1007/978-3-030-28803-7_27

Perioperative Complications

Juliana Henrique, Luis Felipe Okida, Rene Aleman, 
Emanuele Lo Menzo, Samuel Szomstein, 
and Raul J. Rosenthal

 Introduction

Bariatric surgery (BS) remains the most effective 
treatment for severe obesity. Although BS has a 
very high safety profile, it still has both well- 
known and potential perioperative complications. 
The safety profile of such procedures has signifi-
cantly increased over the years, particularly since 
the implementation of minimally invasive tech-
niques. However, the substantial increase in the 
application of metabolic surgery procedures has 
also increased the overall number of complica-
tions. Some of them are common to any type of 
procedure and are mostly related to the underly-
ing risk factors of this population.

 Patients with Obesity 
in the Anesthesia Setting

In order to properly avoid and/or manage peri-
operative complications, a thorough knowledge 
of all the comorbidities of severely obese 
patients is indispensable. In fact, obesity is 
associated with many comorbidities, impairing 
several organ systems such as cardiovascular 
and respiratory, among others. Deleterious 

effects can be directly related to obesity or to 
one of the many associated comorbid condi-
tions. In addition, peculiar anatomical features 
of severely obese patients (i.e., short and higher 
neck circumference, small oral cavity, restricted 
neck movements, short sternomental and thyro-
mental distances) can be the reason for specific 
anesthetic-related complications. All of these 
features should be taken into consideration in 
the preoperative setting. As a result, taken as a 
whole, the severely obese patient represents a 
high-risk individual from the anesthesia stand-
point. The main anesthetic complications in 
bariatric surgery are nerve injury, airway and 
ventilation problems, cardiovascular complica-
tions, potential issues related to drug pharma-
codynamics, and venous thromboembolism 
(VTE) [1].

 Nerve Injury

In super obese patients, especially those with 
diabetes, the occurrence of pressure sores and 
neural injuries is frequent. In a retrospective 
analysis comparing obese to nonobese patients 
undergoing surgery, it was shown that patients 
with obesity had a four times higher chance of 
presenting with peripheral nerve injury after a 
surgical procedure [2]. Placing pads under pres-
sure points in order to avoid pressure sores and 
neurologic injury is an efficient alternative to 
avoid nerve damage [3].
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 Airway Management

Airway management of bariatric surgical patients 
is considered a challenge for anesthesiologists. 
Several studies reported that increased body mass 
index (BMI) complicates mask ventilation in up 
to 8.8% of obese patients [4]. Additionally, BMI 
is associated with difficult intubation, and major 
airway complications may happen in 40% of 
obese patients undergoing surgery [5]. Based on 
these challenges and the higher likelihood of 
complications, it is recommended that alternative 
airway management devices be available at the 
time of anesthesia induction. According to Juvin 
et al., difficult or failed intubation is more usual 
in obese patients than in nonobese [6]. Moreover, 
obesity is associated with a 30% greater risk of 
challenging or failed intubation [7]. In a prospec-
tive cohort study performed by De Jong et  al., 
8.2% of 2103 obese patients undergoing surgery 
presented with difficult intubation, and the main 
predictors for this situation were Mallampati 
scores III or IV, history of obstructive sleep apnea 
syndrome, and reduced mobility of cervical spine 
[5]. Other factors potentially involved in adverse 
events associated with intubation are higher neck 
circumference, shorter neck, small oral cavity, 
abundance of intraoral soft tissue, restricted neck 
movements, and short sternomental and thyro-
mental distance.

The evaluation of a potentially difficult intuba-
tion should be obtained in the preoperative setting 
in order to avoid life-threatening complications. 
The Mallampati score and the neck circumference 
are some of the most important airway parameters 
for risk assessment. Bahattin et al. reported that 
an increase in BMI and Mallampati scores signifi-
cantly increased difficult mask ventilation and 
troublesome intubation [8]. In the previously cited 
study from De Jong et al., 38% of obese patients 
with difficult intubation required management 
with difficult airway techniques, including video-
laryngoscopy, intubating laryngeal mask airway, 
and flexible fiber-optic intubation, awake or with 
light sedation [5]. Considering this high rate, 
anesthesiologists have to be aware of possible dif-
ficult intubation in a patient undergoing bariatric 
surgery and, therefore, may have to use more 

advanced techniques to achieve their goal. Even 
though less expected and rarely required in an 
elective scenario, cricothyrotomy would be 
another method to place a tube into the trachea if 
none of the previous techniques was successful. 
Nevertheless, excessive soft tissue in the anterior 
neck limits access to the cricothyroid membrane 
in obese patients, making it difficult to identify 
anatomic landmarks needed to perform a crico-
thyrotomy [9].

 Ventilation

Based on the anatomical peculiarities of severely 
obese patients (heavy pannus, reduced chest cav-
ity, relative muscular weakness, decreased chest 
excursion, and obstructing upper airway anat-
omy), respiratory drive and oxygenation are sig-
nificantly affected. The functional residual 
capacity (FRC) and lung compliance are 
decreased, resulting in a higher resistance and 
work of breathing, thus impairing oxygenation.

Furthermore, difficult respiratory mechanics 
in the supine position increase the ventilation/
perfusion mismatch. This is aggravated by the 
potential need for Trendelenburg position during 
the surgical procedure, which could lead to com-
pression of the great vessels and reduced lung 
volume by abdominal weight, precipitating car-
diorespiratory decompensation. On the other 
hand, the reverse Trendelenburg position is better 
tolerated and contributes to improved cardiovas-
cular and respiratory dynamics.

During the preoxygenation phase of the 
obese patient, it is more difficult to build an 
oxygen reserve due to the decreased FRC. Also, 
morbidly obese patients run into hypoxia after 
only 3 minutes [10]. Moreover, a high inspira-
tory oxygen dose at the time of anesthesia 
induction can result in atelectasis, a predispos-
ing condition for fever and pneumonia. Thus, in 
obese patients, using lung recruitment maneu-
vers and positive end- expiratory pressure 
(PEEP) ≥ 10 cm H2O is beneficial for atelecta-
sis avoidance, prevention of collapse of small 
airways, and improvement of ventilation/perfu-
sion and oxygenation [11].
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 Cardiovascular Implications

Cardiovascular comorbidities may influence peri-
operative management and outcomes. Among 
these conditions are atherosclerotic cardiovascular 
disease, hypertension, arrhythmias, cardiomyopa-
thy, and thromboembolic disease [12]. Thornqvist 
et al. analyzed the relationship between body mass 
index and the risk of perioperative cardiovascular 
adverse events in patients undergoing elective 
orthopedic surgery and concluded that under-
weight and extreme obesity were associated with a 
higher risk of major adverse cardiovascular events, 
such as ischemic stroke, acute myocardial infarc-
tion, and cardiovascular death [13]. Furthermore, 
2% of obese patients undergoing surgery presented 
severe cardiovascular collapse and 1% presented 
supraventricular or ventricular arrhythmia in the 
perioperative period [5]. A retrospective review of 
postoperative complications comparing obese ver-
sus nonobese patients undergoing surgery con-
cluded that patients with obesity presented a 
higher prevalence of myocardial infarction (0.5%) 
and morbidly obese patients had a higher preva-
lence of myocardial infarction and cardiac arrest, 
both complications with a statistically significant 
difference (p < 0.05) [2]. Considering the increased 
cardiovascular risk to bariatric patients, preopera-
tive screening of comorbidities with appropriate 
therapy, combined with perioperative and postop-
erative hemodynamic optimization with close 
monitoring, is essential to limit cardiovascular 
complications [14].

 Pharmacotherapy Considerations

Due to the physiological modifications of obe-
sity, pharmacokinetics and pharmacodynamics 
are different in bariatric patients. For example, 
abnormal lung mechanics impair the absorption 
and elimination of inhaled drugs. The presence 
of higher amount of adipose tissue can alter the 
distribution of certain lipophilic drugs. Also, 
doses of the anesthetic drugs administered have 
to be carefully calculated and based mostly on 
ideal body weight as actual body weight cannot 
be used.

 Venous Thromboembolism (VTE)

There is a known association between severe 
obesity and VTE. In fact, obese patients present 
several risk factors for VTE, such as diabetes, 
hypercholesterolemia, hypercoagulopathy, lower 
extremities venous stasis, and lymphedema [3].

Increased risk of venous thromboembolism 
includes patients with obesity and a history of 
smoking and those who are taking oral contra-
ceptives, hormone replacement therapy, or anti-
psychotic medications. Overall, there is a fivefold 
increase in the incidence of pulmonary embolism 
(PE) during and after surgery [15]. However, 
when compared to orthopedic patients, laparo-
scopic procedures have been associated with a 
lower incidence of both nonfatal and fatal PE. 
This is probably due to less surgical trauma and a 
decreased prothrombotic state in laparoscopy 
than open surgical procedures.

Additionally, the anesthetic technique per-
formed may play a role in the development of 
clots. Rodgers et al. compared epidural anesthe-
sia (primary anesthetic or adjunct to general 
anesthesia) with general anesthesia alone, result-
ing in a 44% and 55% rate reduction of deep 
venous thrombosis and PE, respectively, for the 
epidural group [16]. Since general anesthesia is 
usually the standard method in bariatric surgery, 
the higher risk of venous thromboembolism 
should be considered [16, 17].

Following bariatric surgery, the reported rate 
of deep venous thrombosis and pulmonary embo-
lism varies between 0.3% and 2.2% [18]. A sys-
tematic review of literature regarding this topic 
divided risk factors by patient-related and 
procedure- related conditions (Table 27.1) [18].

In order to prevent VTE, early ambulation 
reduces venous stasis and thereby reduces the 
odds of clot formation. Lower extremity com-
pression also results in less venous stasis and var-
ies from graduated compression stockings to 
intermittent pneumatic compression and sequen-
tial compression devices. Pharmacologic 
 prophylaxis is a common approach to prevent 
VTE and includes unfractionated heparin, low-
molecular- weight heparin, vitamin K antago-
nists, direct thrombin inhibitors, and factor Xa 
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inhibitors. For patients with deep venous throm-
bosis, but with contraindication to anticoagula-
tion, a vena cava filter is an option to prevent 
embolism to the lungs [18].

 Esophageal Perforation

Some patients require a nasogastric tube (NGT) 
to empty the stomach and reduce the possibility 
of bronchoaspiration. Esophageal perforation is a 
high-mortality complication that, unfortunately, 
may happen during the perioperative period. Few 
studies reported that the incidence of this compli-
cation when placing a NGT varies from 3% to 
5.7% and the most common site of iatrogenic 
esophageal perforation is the thoracic region, fol-
lowed by cervical esophagus [19]. Another pos-
sible esophageal perforation occurs when 
inserting a bougie. This tube is usually placed 
into the stomach. Even though rare, there are 
some case reports of esophageal perforation after 
bougie insertion during bariatric procedures [20, 
21]. Therefore, attention must be given when 
placing such tubes since obese patients have 
excessive fatty tissue in the neck, narrowing the 
trachea and esophagus. Occasionally, insertion 
through direct vision or even under fluoroscopic 
guidance may be recommended.

 Other Complications 
in the Anesthetic Setting

Other possible anesthetic complications related 
to obese patients are esophageal intubation, den-

tal injury, and aspiration of gastric content. The 
last condition can result in serious complications 
such as Mendelson’s syndrome, progressing to 
systemic inflammatory condition and even death.

 Laparoscopic Access and Safety

Debate exists on the best and safest initial trocar 
placement. Due to the considerable thickness of 
the abdominal wall, previous abdominal surgery, 
the presence of hepatomegaly or splenomegaly, 
and the relative paucity of intravisceral fat com-
pared to the subcutaneous one, a more challeng-
ing first trocar access might ensue. Thus, 
complications due to trocar insertion, such as 
organ and vessel injuries, or development of sub-
cutaneous emphysema, may occur, especially in 
the hands of an inexperienced surgeon.

There are three main techniques to insert the 
first trocar: insertion after establishment of the 
initial pneumoperitoneum with the Veress needle; 
insertion of the first trocar through a direct vision 
open approach (Hasson technique); or through 
the visualization of the abdominal wall different 
layers with an optical trocar, more often without 
previous pneumoperitoneum.

No technique is considered perfect and intra- 
abdominal injuries have been described with all 
three techniques [22]. Vascular and visceral inju-
ries represent the most severe type of complica-
tion, whereas extraperitoneal insufflation and 
subcutaneous emphysema are considered minor 
complications [23].

One of the most feared complications and 
major cause of morbidity is the vascular injury, 
with an overall reported mortality rate of 15% 
[24]. However, injuries to great vessels in laparo-
scopic bariatric surgery are reported in much lower 
incidence with a calculated risk of 0.05% [22].

 Vascular Injuries

Vascular injuries related to abdominal access 
can be grouped into major and minor vascular 
injuries. Major vascular injuries affect major 
vessels such as the aorta, inferior vena cava, and 
iliac vessels, while minor vascular injuries 

Table 27.1 Risk factors for venous thromboembolism 
(VTE) following bariatric surgery

Patient-related risk factors
Increased age
Gender: male
Preoperative weight/body mass index
Smoking
History of VTE
Procedure-related risk factors
Operative time > 3 hours
Open procedures
Revision surgery
Anastomotic leak

Adapted from Bartlett et al.
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affect vessels of the abdominal wall (laceration 
of superior/inferior epigastric vessels during 
placement of lateral trocars), mesentery, omen-
tal (especially when adhesions are present), or 
other organs [25].

 At Port Site
At the port site, a vascular injury is more likely to 
be tamponade while the cannula is in place. 
Delayed identification of the abdominal wall’s 
bleeding can occur after the procedure is finished. 
Clinical manifestations include abdominal wall 
pain, abdominal wall or flank ecchymosis, and 
external bleeding from the trocar site. Patients 
can also present initially with hemodynamic 
instability due to significant blood loss from a 
port site that bleeds internally. Patients with an 
abdominal wall hematoma from laparoscopic 
access who are hemodynamically stable and with 
no signs of hematoma expansion can be managed 
conservatively by direct pressure, full-thickness 
abdominal wall suture ligation, or tamponade 
with Foley catheter balloon insertion through the 
trocar site. Intervention is indicated if the hema-
toma expands or the patient becomes hemody-
namically unstable. For some patients, 
percutaneous embolization of the bleeding vessel 
may be an option [26].

 Major Vascular Injury
Rarely, injury to major venous structures (i.e., 
inferior vena cava, iliac vein) can also occur, and 
massive air embolism has been reported due to 
unrecognized intravenous placement of a pneu-
moperitoneum needle and subsequent gas insuf-
flation. Injury to the aorta or iliac vessels during 
abdominal access can lead to rapid exsanguina-
tion and death unless prompt vascular control and 
repair are undertaken [27]. Major vascular inju-
ries may be recognized immediately by observ-
ing free blood in the abdominal cavity. However, 
vascular injury may not be appreciated right 
away as a result of bleeding into the mesentery or 
retroperitoneum rather than into the peritoneal 
cavity. The anesthesia team should be immedi-
ately notified that there is a problem. The bed 
should be placed into Trendelenburg position. If a 
vascular surgeon is not immediately available, a 

damage control approach can be performed as 
used in trauma surgery. To minimize ongoing 
blood loss, the abdomen should be rapidly opened 
with a midline incision, pressure should be 
applied directly to the bleeding site for initial 
control, and the abdominal cavity can be packed 
if the bleeding site is identified as a damaged 
large vein. These maneuvers allow for fluid 
resuscitation while awaiting the vascular sur-
geon, or arrangements for immediate transfer if 
subspecialty expertise is not available [27]. The 
supraceliac aortic clamping can be performed as 
a lifesaving maneuver to avoid massive blood 
loss when a large injury has occurred to a great 
caliber artery (aorta, iliac artery), although this 
approach claims for a rapid injury repair in the 
interest of its relevant ischemic impact in the 
abdominal viscera. Nonetheless, the dissection of 
the supraceliac aorta may be unfamiliar to novice 
surgeons [28].

 Minor Vascular Injury
Compressive maneuvers can often be performed 
to control mild and moderate bleeding. Local 
compression allows a surgeon time to consider 
strategies for definitive hemostasis and may occa-
sionally be a definitive treatment itself. Due to 
spasm, small-to-medium-caliber vessels are likely 
to slow and often stop bleeding with simple com-
pression. In the laparoscopic setting, a gauze 
sponge can be passed through a 10  mm port. 
Under some circumstances, a piece of healthy and 
mobile omentum can be grasped and used to com-
press the area. Moreover, the vessel can be grasped 
directly (if possible) in order to prevent free blood 
spreading and darkening the visibility in the intra-
abdominal site. This technique is useful for sud-
den, significant bleeding from division of the 
short gastric arteries during laparoscopy [27]. Dry 
hemostatic agents (i.e., sterile gelatin sponge, oxi-
dized cellulose  polymer) can easily be passed 
through a laparoscopic port and used in conjunc-
tion with mechanical compression. Fibrin glue 
(with the aid of a special laparoscopic applicator) 
has also been used to provide hemostasis during 
gastric bypass [29].

Once bleeding has slowed or ceased, the area 
is inspected to identify the bleeding point, which 
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is isolated and controlled with a clip, suture, cau-
tery, or any of the other methods described above. 
The field should then be irrigated carefully with 
saline. Irrigation should be used judiciously to 
minimize soiling of the tip of the laparoscope 
with blood and other fluids [27].

The need to convert to an open procedure is 
determined by the rate of bleeding, the amount 
of blood loss, the clinical status of the patient 
(tachycardia, hypotension, sepsis), the presence 
(or lack) of a clearly defined source, and the sur-
geon’s ability to see and control the bleeding 
quickly using laparoscopic techniques. Patient 
factors such as advanced age or poor functional 
status and comorbidities should be taken into 
account when determining whether laparo-
scopic endeavors at hemostasis are likely to be 
successful and deciding how long to persist. If 
adequate visibility cannot be maintained, con-
version to an open procedure will be needed. 
The decision to convert for bleeding is justifi-
able and prudent. An important source of patient 
morbidity results from the failure to convert to 
an open procedure in a timely fashion when 
bleeding is encountered [27].

Additional technical maneuvers in attempts to 
reduce intraperitoneal injury while placing the 
first trocar, such as temporarily lifting the abdom-
inal wall with towel clamps, have been investi-
gated. Still, these techniques apparently do not 
influence the frequency of failure entry. Another 
strategy is choosing a different anatomical entry 
site to avoid the midline and potential aortic or 
inferior vena cava injuries. Palmer’s point is 3 cm 
below the left rib arch in the midclavicular line, 
and it is an area with less fat tissue than the umbi-
licus. This point in the left upper quadrant is 
away from the liver, spleen, and great vessels, 
and vascular damage is not likely to happen at 
this site [27, 30].

 Bowel Injury

According to Krishnakumar et al., bowel injury is 
the third cause of death from laparoscopic surger-
ies after major vascular injury and anesthetic 
complications. Differently from injury to great 

vessels where the risk and complications are 
immediate, bowel injuries usually go unnoticed 
at the time of the procedure. In the postoperative 
period, thus, patients may present peritonitis, 
which is a significant cause of morbidity and 
mortality. If a bowel injury is noticed, immediate 
repair must be done [24].

 Subcutaneous Emphysema

After laparoscopic procedures, asymptomatic 
subcutaneous emphysema is not uncommon. 
Clinically significant subcutaneous emphysema, 
however, is not frequent, and the incidence varies 
from 0.43% to 2.34% [31]. In obese patients, it 
can be difficult to identify by simple inspection 
or palpation. Cervical and facial emphysema can 
be more marked due to a thinner subcutaneous 
layer in these areas. Risk factors for developing 
subcutaneous emphysema in bariatric patients 
are higher insufflation pressure, use of six or 
more surgical ports, prolonged surgical proce-
dures (longer than 200 minutes), and older age. 
This last risk factor is likely due to the reduced 
natural subcutaneous tissue resistance [31]. 
Kayaalp et al. state that the possible relationship 
between bariatric surgery and subcutaneous 
emphysema might be the frequent trocar dis-
placement by virtue of the increased thickness of 
subcutaneous tissue in obese patients. 
Conservative management of the subcutaneous 
emphysema is the treatment of choice in most 
cases [31].

The presence of air in the subcutaneous tis-
sue may indicate esophageal perforation, 
emphysema in that layer, pneumothorax, and 
pneumomediastinum can occur after dissection 
of the phrenoesophageal membrane. To dissect 
accurately the distal esophagus, the gastro-
esophageal junction, and the diaphragmatic 
crus, the membrane has to be taken down and 
the mediastinum exposed to carbon dioxide gas 
under pressure. In addition, dissection of the 
surrounding esophageal tissue can facilitate the 
gas inlet through the pleura, mediastinum, and 
neck, by anatomical planes. As the patient is 
usually positioned in the reverse Trendelenburg 
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fashion, dissemination of the gas is a frequent 
consequence. Fortunately, the majority of cases 
are deemed as a mild accumulation of carbon 
dioxide, and its absorption takes place in a short 
period of time. If clinical manifestations as 
hypercarbia, desaturation, tachycardia, or hypo-
tension arise during the procedure, a chest tube 
insertion must be considered and the insuffla-
tion pressure must be checked [32].

 Complications During Pouch 
Creation

 Transection

To create the gastric pouch, the omental bursa has 
to be exposed for placement of the stapler. This 
can be done by transecting the neurovascular 
bundle containing branches of the vagus nerve 
and the left gastric artery and vein [33]. 
Alternatively, this bundle can be preserved by 
creating an entry point via perigastric dissection. 
Transection of the lesser omentum is well toler-
ated and efficient because it does not influence 
clinical, functional, and laboratory results or even 
affect weight loss in an early stage and may tech-
nically alleviate gastric pouch formation [34–36]. 
Nonetheless, some studies have reported that 
vagus nerve preservation is associated with less 
postoperative dumping and reduced food intake 
[37, 38]. To elucidate the impact on the early 
postoperative course, Van Wezenbeek et al. pro-
spectively collected data from 773 patients who 
underwent LRYGB. In 407 (52.7%) patients, the 
lesser omentum was transected, and in 366 
(47.3%) patients, neurovascular bundle was pre-
served. The transection was an independent pre-
dictive factor for anastomotic leakage, 
postoperative bleeding, or intra-abdominal 
abscess formation after RYGB.  A potential 
explanation may be the transection of both the 
left gastric artery and the left gastric vein. 
Hypothetically, transection of these vessels may 
compromise the blood supply to the newly cre-
ated gastrojejunostomy, thereby increasing the 
risk of an anastomotic leakage. Furthermore, 
transection of these large blood vessels may 

hypothetically increase the chance of postopera-
tive bleeding.

Additionally, dissection of the angle of His is 
one of the critical moments when the surgeon has 
to be fully aware of possible injury to short gas-
tric vessels, spleen, and the diaphragmatic crus. 
Compression maneuvers and bleeding control 
regarding vascular injury described previously 
are necessary to avoid splenectomy. It is known 
that spleen extraction after incidental laceration 
significantly increases morbidity and mortality 
rates. These rates, elevated in patients with mor-
bid obesity, prompt a spleen preservation policy 
during bariatric surgery [39]. Moreover, careless 
dissection or traction may lead to an organ perfo-
ration, either the esophagus or stomach. Primary 
suturing is required whenever an injury is 
perceived.

 Staple Misfire

Many technical factors or elements related to the 
patient’s condition can affect the outcomes of 
bariatric surgery. For the technical factors, Baker 
et  al. warn that staple size must be selected 
appropriately for the tissue on which it is to be 
used to allow for proper staple formation while 
in turn achieving optimal staple line strength and 
tissue compression. Also, full-thickness over-
sewing past a fixed staple line may increase the 
risk of tearing at the point of suture penetration 
in the distended gastric pouch. Still, the author 
warns about firing the endocutters. Bunching of 
tissue at the crotch of the stapler must be avoided. 
This occurs after the first firing and often appears 
as the blade catches a staple in the crossover area 
and carries it to the newly formed crotch. Failure 
to note and remove this staple may result in a 
staple misfire. If left in place, the “crotch staple” 
causes the stapler to lock when firing is 
attempted. Besides, a wedge band bypass failure 
can occur when the staple driver hits the crotch 
staple secondary to excessive force and dis-
lodges from its track. This results in staple for-
mation on one side and the slicing open of the 
tissue on the opposite side. Finally, care must be 
taken while firing the stapler near the angle of 
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His. Migration of the stapler with incorporation 
of the esophagus can weaken the staple line 
because of the weaker nature of esophageal tis-
sue. Bunching of fundus or a thick fundus can 
contribute to leaks if inadequate staple formation 
or tissue shearing occurs [40, 41].

 Incidental Nasogastric Tube 
Transection

Employing the adequate stapler for the proper 
thickness of the organs/vessels may prevent 
bleeding and leakage. However, a complication 
seldom discussed in bariatric surgery is the inci-
dental transection of nasogastric/orogastric tube, 
bougie, or thermometer probe. According to 
Sanchez et  al., in a series of 727 patients who 
underwent LRYGB, the reported rate of tube 
transection was 1.2% [42]. In 2011, a multicenter 
retrospective analysis was performed by Abu- 
Gazala et  al. describing a tube stapling rate of 
0.5%. Interestingly, all of the complications 
occurred at the same part of the procedure: gas-
tric pouch formation. No reported incidents were 
observed during sutures [43]. As stated by Higa 
et  al., the management of this complication 
requires redo of the gastrojejunal anastomosis. 
Furthermore, under this circumstance an optional 
procedure would be a laparoscopic pouch trim-
ming at two levels: the gastric and jejunal por-
tions of the anastomosis, with retrieval of the 
tube under direct visualization. Conversion to 
open procedure may take place if the surgeon has 
difficulty in performing the repair laparoscopi-
cally and in a safe fashion. In the event there is 
not enough healthy tissue to be mobilized, over-
sewing of the defects and wide local drainage 
must be performed. A gastrostomy tube at the 
level of the gastric remnant would also be needed 
for postoperative nutrition [44].

 Troublesome Anastomosis

The number of bariatric operations dramatically 
increased worldwide. Since the first case series of 
Roux-en-Y gastric bypass (RYGB) was pub-

lished in 1994, multiple studies have demon-
strated the feasibility and safety of the 
laparoscopic approach. Advantages of the laparo-
scopic technique include less blood loss, short 
length of stay, and faster recovery. Yet, some 
complications uncommonly reported in the open 
surgery started to rise with the minimally inva-
sive procedure. Podnos et al. compared the fre-
quency and type of postoperative complications 
after laparoscopic and open RYGB.  A total of 
3464 patients underwent a laparoscopic RYGB, 
and 2771 patients underwent open surgery, from 
1994 to 2002. In this early series, the conversion 
to laparotomy rate was 2.2%, and it was related to 
hepatomegaly (48.7%), malfunction of the equip-
ment (12.8%), short instruments or trocars 
(7.7%), inadequate exposure (7.7%), twisted 
retro colic limb (5.1%), injury to a vital structure 
such as the colon or the vena cava (5.1%), inabil-
ity to safely insufflate the abdomen (5.1%), 
bleeding (2.6%), subcutaneous emphysema 
(2.6%), and gastrojejunal anastomotic leak 
(2.6%) [45].

After more than two decades of technical and 
technological advancement, anastomotic leak 
rates following gastric bypass slightly changed. 
According to Nguyen et al., rates vary from 0.6 to 
4.4% in his 2007 published review article. Ghosh 
et  al. found similar rates of anastomotic leak 
varying from 0.1 to 5.6% in 2016 [46, 47]. A 
search of the medical literature was conducted by 
the cited author to identify publications describ-
ing intraoperative bleeds, leaks, and interventions 
at the stapled line. Inclusion criteria were based 
on a positive intraoperative leak test and bleeding 
identified by the surgeon. Sixteen titles were 
included, but only four relevant articles provided 
information on those topics during laparoscopic 
RYGB (LRYGB). Madan et al. conducted a ret-
rospective review of 752 patients who underwent 
LRYGB.  The gastrojejunostomy (GJ) was cre-
ated with a circular stapler in all of them. The 
total of patients was divided in two groups. 
Omental reinforcement was performed on gastro-
jejunostomies in which leaks were seen during 
the bariatric procedure. There were 387 patients 
in the first group, with 32 (8.2%) patients who 
had a staple line dehiscence or evidence of  
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gastric pouch or gastrojejunostomy leak intraop-
eratively. Leaks/dehiscences were repaired with 
sutures and then reinforced with omentum. None 
of these patients developed anastomotic leaks 
postoperatively. Of the other 365 patients group, 
there were four (1.1%) leaks from the GJ and/or 
gastric pouch [48]. Lately, a systematic review 
addressed 15 published papers. Aiolfi et  al. 
excluded studies with less than 100 patients per 
arm in an effort to control the effect of the learn-
ing curve. Results showed that there is not a sta-
tistically significant risk ratio when comparing 
LRYGB vs. open RYGB and comparing open 
approach vs. robotic RYGB. Although the vari-
ability in operative technique should be taken 
into account, the heterogeneity was low 
(I2 = 23.2%) adding consistency to the findings. 
Additionally, anastomotic leak rates ranged from 
0.45 to 2.21% [49].

Alasfar et al. published a series of 290 patients 
who underwent LRYGB with a linear stapled 
technique for the gastrojejunostomy [50]. 
Endoscopy air leak test detected 11 leaks 
(3.79%), 10 located at the GJ site. All of the leaks 
were corrected with oversewing and passed the 
subsequent leak test. Intraoperative bleeding in 
the pouch was identified in ten patients. 
Endoscopic visualization of the blood vessel was 
possible in six of these, and suturing was per-
formed. In four cases, the source of bleeding 
could not be seen, and conservative treatment 
with irrigation and removal of clots was success-
fully implemented [50].

In another retrospective study, 30 out of 933 
patients (3.22%) developed upper gastrointesti-
nal hemorrhage (UGIH) after LRYGB.  Endos-
copic examination revealed that in 27 cases 
(90%), the source of the bleeding was at the GJ 
staple line. A total of five patients had bleeding 
intraoperatively, and 16 developed UGIH 
within 4 hours of the operation. Blood transfu-
sion was required in almost half of the patients, 
and a significant increase of length of stay was 
noticed [51].

More recently, Varban et al. assessed the rela-
tionship between technique and surgical devices 
on anastomotic and staple line leaks after 
LRYGB.  For this case-control study, 16,258 

patients were enrolled. Data collected from oper-
ative notes included type of gastrojejunal anasto-
mosis, the use of buttressing material, buttressing 
manufacturer, location of buttressing, and the use 
of fibrin sealant. Leaks were identified in 71 
patients (0.44%), and the leak rate decreased dur-
ing the study period. After univariate analysis, 
cases with an increased blood transfusion require-
ment, conversions to open surgery, the use of but-
tressing material, and Covidien stapler brand 
were associated with a significantly higher rate of 
leak. After multivariate analysis, the use of but-
tressing material remained associated with a 
higher rate of leaks. Conversely, the use of fibrin 
sealant was related with a significantly lower 
rate, whether a univariate or multivariate analysis 
was utilized [52].

Despite some animal experiments with but-
tressing material in the gastrointestinal staple line 
suggesting better resistance under higher pres-
sure than non-buttressed staple lines [53–55], 
medical literature has not yet shown clear evi-
dence of those findings. Instead, most studies 
indicate that the use of buttressing material may 
decrease the likelihood of bleeding in the staple 
line. One of the hypotheses that may explain such 
finding is that the material itself may interfere in 
the healing process. Another theory is about add-
ing material to the thickness of the tissue included 
in the anastomosis, impairing proper compres-
sion of the staples, enabling early staple line fail-
ure [52]. Regarding the efficacy of the fibrin 
sealant during gastric bypass, Silecchia et al., in a 
randomized multicenter trial, described a lower 
rate of overall reintervention in the group that 
used fibrin. The difference between the groups 
was not statistically significant, however [56].

Some other aspects about prevention of the 
staple line bleeding may be considered. 
Potentially, a shorter staple height may provide 
more compression of the tissues and better hemo-
stasis. Regardless of that, a shorter staple height 
does not completely prevent bleeding, and it can 
increase the leak rate when tissue approximation 
is inadequate [57]. In addition, the hand-sewn 
gastrojejunostomy is associated with lower 
bleeding when compared with mechanical (lin-
ear/circular) stapler, according to Jiang et  al. 
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Conversely, leakage rates and reoperation were 
similar in both groups (mechanical and hand- 
sewn anastomosis) [58].

Based on the Longitudinal Assessment of 
Bariatric Surgery study, roughly 0.1% of the 
patients undergoing LRYGB are at risk of bleed-
ing from a major blood vessel [59]. According to 
the American Society for Metabolic and Bariatric 
Surgery (ASMBS), cases of bleeding requiring 
transfusion or reoperation are 1–4% of the 
patients undergoing RYGB [60–65]. The treat-
ment of such complications will be ultimately 
dictated by the etiology and location of the bleed-
ing site. Moreover, the therapy of LRYGB- 
associated bleeding may require a multimodal 
approach: surgical, endoscopic, interventional 
radiological, or a combination of them [66, 67].

Intra-abdominal bleeding may arise from 
within the gastrointestinal tract at the site of the 
anastomosis or the staple line. Clinical findings, 
such as abdominal tenderness, abdominal dis-
tension, hematemesis, or hematochezia, can be 
present and are highly suggestive of acute bleed-
ing. Often, the bleeding will resolve without 
intervention soon after surgery. Nonetheless, 
bleeding can be problematic when present, sig-
nificantly increasing associated morbidity and 
mortality. In the setting of an unstable patient, 
laparoscopic or open laparotomy should be per-
formed to determine the bleeding source. 
Contrarily, in a stable patient, fluid resuscitation 
and blood transfusion should be the mainstay 
therapy.

The most likely sites of bleeding after LRYGB 
are the staple lines of the gastrojejunostomy, gas-
tric pouch, excluded stomach, or jejunojejunos-
tomy. A close and thorough clinical evaluation 
guides the surgeon to find the most likely loca-
tion. Bleeding from the gastric pouch or gastroje-
junostomy usually presents with hematemesis. 
On the other hand, melena often indicates a distal 
bleed at the site of the jejunojejunostomy or 
excluded stomach [67]. In the presence of evident 
or highly suggestive bleeding, the first clinical 
response should be aimed toward the cessation of 
anticoagulation, followed by a medical resuscita-
tive therapy.

Early postoperative bleeding after LRYGB is 
a potentially life-threatening complication, as in 
other types of surgery. A rapid and appropriate 
response will undoubtedly reduce morbidity and 
mortality rates, as well as decrease the need of 
extensive and significantly invasive therapies. 
Usually, the progression leading to mortality is 
the following [68]:

 1. Hemorrhage from the staple line
 2. Development of an obstructing blood clot
 3. Blood and fluid filling the biliary limb
 4. Increase in the intragastric pressure
 5. Staple line leakage at the gastric pouch or gas-

tric remnant necrosis and perforation

Figure 27.1 represents a step-by-step approach 
to early postoperative GI bleeding in gastric 
bypass patients.

Evidence of bleeding

Stabilization

Volume repletion

Hematemesis

Patient remains 
unstable

Clinical signs including 
tachycardia, 
hypotension, and a 
drop in hematocrit

Resuscitative therapy 
including volume 
repletion and blood 
by-products 
transfusion(s)

Fluid bolus 2 L saline 
or Ringer’s lactate 
Blood transfusion if 
Hgb<7 
Suspend 
anticoagulation 

Endoscopy 
If successful, observe

OR

Fig. 27.1 Once the bleeding is first diagnosed, the patient need to be resuscitated and stabilized from an hemodynamic 
standpoint. Based on the hemodynamic status and the location of the bleeding, the definitive treatment can be done 
either endoscopically or surgically
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As previously mentioned, the specific inter-
vention is dictated by the type of bleeding, loca-
tion, and patient’s hemodynamics. Details of the 
operative technique (i.e., open vs. laparoscopic 
approach, technique of gastrojejunostomy, staple 
line reinforcement, Roux limb length, concomi-
tant surgeries performed) have not been associ-
ated with the different rates of bleeding, and the 
therapy should be tailored to the suspected loca-
tion of hemorrhage [66]. Intraluminal bleeding in 
anatomical areas accessible by endoscopy can be 
treated with such intervention. As shown in small 
series, staple line bleeding from the proximal gas-
tric pouch has been effectively and safely man-
aged with minimal dose epinephrine injections 
and electrocautery [51, 69, 70]. Overall, endo-
scopic therapies available have proven to be ben-
eficial. However, the following findings, especially 
when multiple of them are present, might indicate 
the need for reoperation [69, 71, 72]:

• Heart rate > 100 beats/min
• Decrease in systolic blood 

pressure < 10 mmHg
• Persistent tachycardia
• More than 2 units of blood transfusions
• Presence of melena
• Presence of hematemesis

Ischemia of the tip on the alimentary limb 
involving the gastrojejunostomy is an unusual 
complication during Roux-en-Y gastric bypass. 
Revision of the anastomosis may be needed to 
manage this complication [73]. Recently, the 
increasing number of publications regarding 
indocyanine green (ICG) angiography favors 
this tool to be recognized as a relevant aid for 
the surgeon’s naked eye when dealing with gas-
trointestinal anastomosis. After ICG intrave-
nous injection, the surgeon switches the 
camera’s white light to near-infrared light by 
clicking the pedal. A fluorescent image of the 
ICG traversing the vessels through the limb 
wall glows brightly when the organ is well-per-
fused. Both gastric and small bowel stumps can 
have real-time perfusion assessment by this 
simple technique. Further studies are necessary 
to evaluate if changes in the resection line after 

ICG fluorescence angiography are sufficient to 
prevent ischemia followed by leaks in the GJ 
anastomosis [74–76].

 Recovery Room

Patients with obesity have a greater risk of 
hypoxia in the postoperative period, when com-
pared to nonobese patients, due to physiologic 
changes. Therefore, following extubation, some 
measures may be used to main adequate oxygen-
ation, such as administration of oxygen by face 
mask or nasal cannula; positioning patient in 
head up, which means sitting or semi-sitting, or 
lateral position; and the use of incentive spirom-
etry as well as chest physiotherapy. These condi-
tions improve pulmonary function, especially 
incentive spirometry, decreasing the rate of post-
operative complications [77].

 Conclusion

Scarce literature is found regarding perioperative 
complications during Roux-en-Y gastric bypass. 
To the best of our knowledge, this is the first 
attempt to divide the subject by anesthetic, 
access, transection, pouch creation, anastomosis, 
and recovery room complications. Here, we pres-
ent a robust review pursuing assistance to sur-
geons for a better decision-making with respect 
to difficult situations and how to manage urgent 
issues in the perioperative period. The focus is to 
bring light to the most frequent complications 
and the rare ones for a skillful and accelerated 
resolution.
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Obesity is currently a worldwide public health 
problem, both in developed and emerging coun-
tries, especially in the Western world [1]. 
According to the World Health Organization, 600 
million of obese adults around the world are esti-
mated, besides a population of almost 2 billion 
people in overweight status. Nevertheless, obe-
sity is not uncommonly accompanied by other 
comorbidities, such as type 2 diabetes mellitus, 
systemic arterial hypertension, cardiovascular 
disease, obstructive sleep apnea, and even some 
neoplasms, which in association with obesity 
almost always culminate in a drop in quality and 
a lower expectation of life [2–5].

Given the relevance of the topic and the inef-
fectiveness of the clinical treatment in some 
cases, bariatric surgery has gained space as a 
treatment option, proving to be a safe and reliable 
way for long-term weight loss and improvement 
or complete remission of comorbidities [6–9]. 
Among surgical options, RYGB currently repre-
sents approximately 47–49% of bariatric proce-
dures [10] and morbidity and mortality at 30 days 
of 3–4% and 0.2–0.3%, respectively [8, 11].

Therefore, like any other surgery, the RYGB 
contemplates its risks and complications associ-
ated with the procedure, which we will discuss 
later. For a better understanding, the surgical 
complications of the procedure are divided 
between early and late, being the precocious 
occurring from the hospital discharge period to 
the surgical 30 postoperative (PO) and the late 
postoperative periods from 31 postoperative 
onward.

Not infrequently, the patients submitted to this 
type of surgery return to the hospital with com-
plaints, which can reach up to 17.3% of the cases 
in 90  days. Match et  al. [12] reported that PS 
complaints by patients previously submitted to 
bariatric surgery considered abdominal pain as 
the most prevalent symptom (24.4%) followed by 
nausea and vomiting (20.8%). In addition, it 
quotes as risk factors for hospital return the 
young patient, female sex, and associated 
comorbidities.

Thus, abdominal pain in patients previously 
submitted to RYGB is a frequent event, ranging 
from simple events to difficult and potentially 
life-threatening diagnoses [13–15].

 Early Abdominal Pain

The picture of early abdominal pain in the patient 
after RYGB is one that occurs up to 30 
PO.  Among the most common affections, we 
have anastomosis dehiscence, portomesenteric 
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thrombosis, early intestinal obstruction, and her-
nia secondary to laparoscopic puncture site.

 Fistula

Fistula is one of the most feared complications of 
bariatric surgeons, which, together with pulmo-
nary thromboembolism, comprise the main causes 
of procedure-related mortality [21, 23]. It is esti-
mated the occurrence of fistulas between 0.6 and 
1% in the RYGB procedures, and most of them 
occur early, around the first week [29]. Regarding 
clinical factors, in a multivariate analysis cited by 
Fernandez et al. [22], high age, male gender, and 
multiple comorbidities were quoted as risk factors 
for fistula occurrence. However, the technique 
itself, conventional open surgery, as well as revi-
sion surgery are also risk factors for the appear-
ance of this complication, while the use of linear 
or circular staplers for confection of the gastroje-
junal anastomosis is still controversial [21, 24].

The clinical presentation is variable, which in 
initial and mild cases may present only by tem-
perature increase, tachycardia>120  bpm, or 
respiratory discomfort, whereas in the more exu-
berant forms, they develop abdominal pain and 
rapid progression to sepsis [25]. The use of rou-
tine tests in the upper gastrointestinal tract in the 
recent postoperative period for the detection of 

fistulas has only 22% efficacy according to 
Hamilton et  al. [25] and computed tomography 
about 56% of the diagnostic success [26].

In order to perform two anastomoses and sta-
pling in this surgery, the fistula sites may be 
diverse. Gonzalez et  al. [26] described 49% of 
them occurring in the gastrojejunal anastomosis, 
25% in the excluded stomach, 13% in the jejuno-
jejunal anastomosis, and 9% in the gastric pouch, 
while Ballesta et  al. [27] cited up to 67.8% of 
them in the gastrojejunal anastomosis and only 
3.4% in the excluded stomach.

The treatment of fistulas can be done both con-
servatively and surgically, depending mainly on 
the hemodynamic stability and absence of signs of 
sepsis of the patient. In nonsurgical management, 
fluid drainage and monitoring by drains in the 
anastomotic sites, intravenous broad- spectrum 
antibiotic and oral fasting, and optional enteral 
nutrition are the bases of treatment. Csendes et al. 
[28] in a study of conservative treatment of fistulas 
present in patients submitted to RYGB even 
quoted management without antibiotic therapy 
and described the closure of the fistula next to the 
30th postoperative day. In selected cases, endo-
scopic prosthesis placement may be a conservative 
treatment option (Fig. 28.1a, b). If hemodynamic 
instability or clinical deterioration of the patient is 
present during conservative treatment, early surgi-
cal approach is indicated, with thorough washing 

a b

Fig. 28.1 (a) CT scan with endoscopic prosthesis inserted for fistula treatment. (b) Endoscopic aspect of metalic 
prosthesis
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of the abdominal cavity followed by drainage of 
the fistulous site or even possibly repair in anasto-
mosis defects or clamp line (Fig. 28.2).

 Portomesenteric Thrombosis

Portomesenteric thrombosis is a term referring to 
partial or total obstruction of the portal vein and/
or mesenteric veins, being uncommon but poten-
tially lethal and described after laparoscopic pro-
cedures [17]. In the scope of bariatric procedures, 
although more commonly found after vertical 
gastrectomies (sleeve gastrectomy), estimating 
their incidence by up to 1%, according to Salinas 
et al. [18], is a possible complication and present 
in the cases of RYGB, described by James et al. 
[19]. The clinical presentation is variable and can 
contemplate since abdominal pain issues are 
associated with nausea or even behave asymp-
tomatic. Not infrequently, the condition occurs in 
patients with other predispositions to thrombo-
embolic events other than obesity, such as protein 
S deficiency or presence of Leiden Factor V, 
mostly unknown before the procedure [19, 20]. 
The diagnosis can be made by computed tomog-
raphy with oral and intravenous contrast, identi-
fying the thrombosis in a portomesenteric region 
of variable extension. The treatment is performed 
through anticoagulation; however, the presence 
of peritoneal irritation or ischemia and intestinal 
necrosis demands an immediate surgical 
approach.

 Early Intestinal Obstruction

Although it is an event that often presents later, 
intestinal obstruction can also occur in early 
PO. In a prospective study with more than 2000 
patients, Shimizu et  al. [16] described 0.5% of 
patients with obstructive symptoms in the first 
few days, with the mean of presenting them on 
the 5th postoperative day. The most frequent 
symptoms were nausea and vomiting (54%), fol-
lowed by abdominal pain (45%). In the study, all 
cases were diagnosed by computed tomography 
with oral contrast, and the treatment was variable 
due to different obstructive etiologies (twisting of 
the jejunojejunal anastomosis, intraluminal clot 
next to jejunojejunal anastomosis, hematomas, 
previous pelvic adhesions), mostly performed by 
new surgical approach (Figs. 28.3 and 28.4).

Fig. 28.2 Intraoperative aspect when perfoming positive 
methylene blue test aiming a better of fistulous area

Fig. 28.3 Abdominal CT scan with small bowel obstruc-
tion, with orally administered contrast. Dilated bowel 
containing fluid associated to descompressed small bowel 
distal to the point of obstruction
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Early obstruction is associated with technical 
problems, especially in anastomosis confections, 
different from those presented late, which are 
mostly secondary to intra-abdominal adhesions 
or internal hernias.

 Hernia in Trocar Sites

The hernias in place of puncture of trocars are 
possible complications in any laparoscopic pro-
cedure, and for that reason it is recommended by 
numerous studies the routine closure of these 
defects of the aponeurosis in punches equal or 
greater than 10 mm. In the obese patient, seen the 
fact greater intra-abdominal fat tissue, the apo-
neurotic closure is considerably more difficult 
and thus being sometimes ignored by surgeons 
[31]. An incidence of up to 0.5% of hernias at 
puncture sites is estimated in all laparoscopic 
procedures, and in a recent study, Coblijn et al. 
described 0.52% of their incidence in patients 
after bariatric procedures.

Clinically, these hernias may manifest early, 
and it is even described that half of them will 
occur up to the first postoperative month by 
Helgstrand et  al. [31]. It frequently presents as 
mild abdominal pain, which can complicate with 
strangulation in 0.2–1% of procedures or even 
dramatic situations of gangrene and intestinal 
necrosis described by Losanoff et al. [32].

Another form of presentation is later in the 
course of abdominal discomfort and nausea and 
may even be a cause of intestinal obstruction; 
however, the strangulation of the hernia content 
in late forms is rare [33].

Although authors report the possibility of 
simple reduction of the hernia into the cavity 
under anesthesia [30], the laparoscopic approach 
to evaluation of the hernia content and its viabil-
ity followed by correction of the aponeurotic 
defect contemplates a safer option as treatment 
(Fig. 28.5).

 Late Abdominal Pain

The abdominal discomfort frames of the 30th 
postoperative day are set as late. Its causes may 
be diverse, and among them, we will discuss 
more about remnant gastric distension, anasto-
motic stenoses, marginal ulcer, cholelithiasis, 
intestinal obstructions, and internal hernias.

Fig. 28.4 Abdominal radiograph with predominantly 
centrally dilated loops of small bowel in an early postop-
erative patient

Fig. 28.5 Laparoscopic visualization of a small bowel 
herniating into the port trocar site

A. C. Morrell et al.
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 Remnant Gastric Distension

It is a rarer picture secondary to RYGB, however, 
with a high degree of morbidity if not diagnosed 
early. With the creation of the gastric pouch, 
much of the stomach becomes excluded from the 
food traffic, which constitutes a hollow viscus 
with a blind bottom. Thus, paralytic ileus or 
mechanical obstructions distal to the bile loop 
may result in distension to the excluded stomach, 
which progressively dilates and may progress to 
rupture, culminating in gastric secretion in the 
peritoneal cavity with severe peritonitis described 
by Papasavas et al. [34].

Clinically, the condition may present only with 
abdominal distension or discomfort in the upper 
abdomen; however, special care should be taken if 
an episode of sudden pain occurs, especially in the 
upper left quadrant, which may suggest perforation. 
The diagnosis can be suggested in abdominal radio-
graphs with significant distension of the gastric 
bubble and better visualized on tomographic exami-
nation of the abdomen, already evaluating whether 
there is presence of pneumoperitoneum and possi-
ble perforation site in 86% of the exams [35].

Treatment consists primarily of decompression 
of the site, most often by performing percutaneous 
gastrostomy. In cases of suspected perforation or 
failure of percutaneous decompression, the early 
surgical approach is the best option [36].

 Anastomotic Stenosis

Gastric stenosis in RYGB occurs in 3–27% of 
cases, and its pathophysiology is still not well 
defined [37]. It is believed that some factors, such 
as the use of staplers in the anastomosis and the 
type used, influence on its occurrence. It is esti-
mated a greater chance of stenosis in the use of 
circular stapler <21  mm than linear or manual 
anastomosis [38]. In addition, other aspects such 
as anastomosis tension, hemodynamic stability, 
submucosal hematoma, or anastomosis fistula 
may influence its occurrence [39, 43].

Its appearance may be either early, associated 
with technical error or bleeding in the region 
most often, or later, around 8 weeks of PO; the 
latter is notoriously more frequent. It should be 
suspected mainly in patients who complain of 
abdominal discomfort, dysphagia or nausea, and 
vomiting associated with feeding and may even 
present symptoms of reflux [38].

Its diagnosis can be made more commonly by 
upper digestive endoscopy, defined as endoscopic 
resistance or inability to pass through the anasto-
motic region, which suggests a light <10 mm [40, 
41], or by the use of routine tests in the upper 
gastrointestinal tract (Fig. 28.6a, b).

The treatment alternatives for stenosis are 
basically two: endoscopic dilatation and surgical 
re-boarding. Endoscopic dilatation is a procedure 

a b

Fig. 28.6 (a) Endoscopic visualization of gastrojejunal stenosis (b) Contrast radiography revealing GJ stricture
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known as safe, often requiring only one or two 
approaches, and there is no need for hospitaliza-
tion [38]. Possible complication of dilatation is 
perforation; however, its incidence is small, rang-
ing from 2 to 5% [37]. If the endoscopic proce-
dure fails, the new surgical approach becomes an 
option, which can be done in a conventional or 
laparoscopic way (0.4%) [42].

 Marginal Ulcer

Marginal ulcer or ischemic ulcer is a potentially 
fatal complication in RYGB postoperative, with 
incidence in the literature ranging from 0.6 to 
16%. According to Sverden et al. [44], in a recent 
study, the presence of type 2 DM, previous history 
of peptic ulcer, and use of acetylsalicylic acid and 
NSAIDs are risk factors presenting it as complica-
tion in the PO. Its appearance is often close to the 
gastrojejunal anastomosis, and its pathophysiol-
ogy is still not well defined; however, it is believed 
that jejunal lesion resulting from acid secretion is 
not uncommon presenting it concomitantly with 
gastro-gastric fistula [46] (Fig. 28.7). Some other 
causes that may be associated with ulcers are H. 
pylori infection, smoking, presence of foreign 
body in the site as unabsorbable wires, or tissue 
ischemia by tense anastomosis [45] (Fig. 28.8a, b).

The most common clinical features are abdom-
inal pain, nausea, and vomiting [47], and bleeding 
in the gastrointestinal tract may be present [46]. 
Although a large portion of the patients exhibit 
the complaints previously described, a consider-
able portion of individuals remain asymptomatic 
to the condition [48]. Its definitive diagnosis is 
confirmed by digestive endoscopy, examination 
of choice in the suspected diagnosis.

Treatment of the marginal ulcer can be per-
formed conservatively through gastric acid sup-
pression and association of sucralfate, and it is 
successful in 95% of the patients [49]. In addition 
to drug therapy, it is recommended to suspend the 
use of NSAIDs and to encourage cessation of 
smoking in pertinent individuals. In patients pos-
itive for H. pylori, its eradication with antibiotic 
therapy and acid suppression is also recom-
mended. In cases of urgency such as perforation 
or other associated complications such as gastro- 
gastric fistula, persistent pain, or drug therapy 
fails, surgical treatment becomes indicated.

Cholelithiasis

Cholelithiasis is a common disease, especially in 
Western countries, often associated with obesity, 
through the formation of cholesterol stones [50]. 
Rapid weight loss is also strongly associated with 
the appearance of stones, especially in females 
[51]. Sugerman et al. [53] in a prospective multi-
center study documented the reduction in the 
incidence of cholelithiasis after RYGB to 2% in 
the prophylactic use of UDCA (ursodeoxycholic 
acid) for 6 months after procedure.

It is estimated that cholelithiasis appearance 
in 30–36% of patients undergoing bariatric sur-
gery in the first 6 months post-surgery and up to 
41% of this group may be symptomatic [29, 52], 
being susceptible to choledocholithiasis, chole-
cystitis, cholangitis, and acute pancreatitis. In 
biliary colic presentations, there is abdominal 
pain, most commonly located in the upper abdo-
men or right hypochondrium, and may be associ-
ated with nausea and vomiting. Findings like 
jaundice or fever can be signs of complication. 
Most of the diagnosis is performed by abdominal 

Fig. 28.7 Abdominal CT scan showing the gastric pouch 
and excluded stomach both enchanced by the orally 
administered contrast
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ultrasound examination with sensitivity of 84% 
and specificity of 99% [54]; in case of diagnostic 
doubt, one may choose MRCP (magnetic reso-
nance cholangiopancreatography).

Treatment in the case of symptomatic choleli-
thiasis or cholecystitis is surgical, through lapa-
roscopic cholecystectomy. Whether or not 
prophylactic cholecystectomy is performed dur-
ing the bariatric procedure is controversial [29]. 
However, in cases of choledocholithiasis or chol-
angitis, altered digestive anatomy can turn the 
treatment into challenging cases, since they can-
not access the biliary tract with endoscopic 
examination [55], needing it to be performed sur-
gically or by transparetohepatic drainage.

 Incisional Hernia

Incisional hernias in the RYGB range from 0 to 
1.8% in laparoscopic procedures and up to 20% 
in the conventional open form, according to the 
literature [56, 57]. Their appearance often occurs 
with bulging in the region of the surgical inci-
sion, which worsens with cough or physical 
activity, associated with abdominal pain, and 
may or may not have obstructive symptoms.

The diagnosis is made clinically, through his-
tory and physical examination; however, in diag-
nosis doubt, especially in obese patients, the use 
of computed tomography can help (Fig.  28.9). 
There is no clinical treatment for incisional 
hernias.

 Internal Hernia

Internal hernias are extremely important occur-
rences in patients undergoing bariatric surger-
ies, especially in cases of RYGB. The incidence 

a b

Fig. 28.8 Endoscopic aspects of a marginal ulcer

Fig. 28.9 Abdominal CT scan exhibiting a small bowel 
herniating through the abdominal wall defect
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ranges from 1 to 6% in the literature [58, 61] 
and is the major cause responsible for intestinal 
obstruction in the postoperative period of 
RYGB [59, 60]. When making the anastomoses 
and creating both alimentary and biliopancre-
atic loops, the formation of three mesenteric 
defects will occur in the transmesocolic cases 
and two defects in the pre-colic cases. These 
defects are identified in the jejunojejunal anas-
tomosis region, in the space between the trans-
verse mesocolon and the mesentery of the loop 
taken for gastrojejunal anastomosis, and, in the 
cases of transmesocolic loops, in the open 
defect for transposition of the intestine to the 
upper abdomen region. It is believed that most 
cases of internal hernia occur in the region of 
the transverse mesocolon defect in the transme-
socolic approaches, and thus, a pre-colic anas-
tomosis could reduce this incidence [61, 62, 
64]. Closure of the mesenteric defect and 
Petersen’s space is intented to lower incidence 
of internal hernias and its mandatoriness is still 
debatable; however, Higa et al. [57], in a pro-
spective study, discuss the importance of clo-
sure of defects with unabsorbable suture, and 

the incidence in these cases is significantly 
lower.

The clinical presentation is with acute abdom-
inal discomfort in up to 75% of the cases; how-
ever, a large part of the patients have abdominal 
pain of intermittent or chronic course and may or 
may not be associated with obstructive condi-
tions [65]. Computed tomography may be a diag-
nostic tool for some cases; however, it is estimated 
that up to 45% of them shows no significant 
changes. The presence of the “mesenteric swirl” 
sign is the most relevant finding, being a strong 
predictor of internal hernia [63]. In cases of sig-
nificant clinical suspicion of internal hernia even 
without consistent radiographic findings, lapa-
roscopy is extremely valuable and may be diag-
nostic and therapeutic (Fig. 28.10a, b).

The treatment of the cases is mostly surgical, 
and this will depend on the intraoperative find-
ings. In the absence of alteration of the perfusion 
of the involved loops, the reduction of the hernia 
and closure of the mesenteric defect may be suf-
ficient; however, if the viability of the involved 
loops is doubtful, segment resection followed by 
intestinal anastomosis should be performed.

a b

Fig. 28.10 Abdominal CT scan showing an anterior displacement of DJ flexure, in addition to rotation of the mesen-
teric vessels
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 Less Frequent Conditions 
Post-RYGB

Not only the events described above are likely to 
be seen as complications in patients undergoing 
RYGB.  Other less frequent causes described in 
the literature may also present with abdominal 
discomfort, although they are of lesser relevance 
in usual medical practice.

Intestinal intussusception is described in up to 
0.4% of patients and is often associated with pain 
in the upper abdomen region, which may or may 
not be accompanied by nausea and vomiting 
[66]. Computed tomography examination may be 
useful in diagnosis; however, in most cases diag-
nosis is performed intraoperatively. The reduc-
tion of the loop should be made and depending 
on its viability should be resected followed by an 
anastomosis.

In a case report, Sujka et al. [67] describe the 
occurrence of cecal volvulus as a cause of 
abdominal pain following patients after RYGB. In 
all cases the presentation was late, after 2 years of 
procedure, and presented significant weight loss 
after the procedure. Frederiksen et al. [14] also in 
a case report describe torsion of the mesentery as 
a cause of late abdominal pain in the follow-up of 
post-RYGB patients.

Nonsurgical conditions may also be responsi-
ble for the discomfort, such as the dumping syn-
drome, which diverges from its prevalence in the 
literature, from 16 to 34% [68, 69]. Symptoms 
are secondary to intestinal distension and vasoac-
tive reflexes triggered by the osmotic mechanism 
and should be carefully evaluated to distinguish 
them from surgical etiologies.
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Marginal Ulceration After 
(Laparoscopic) Roux-en-Y Gastric 
Bypass: Pathophysiology, 
Diagnostics, Treatment, 
and Prevention

U. K. Coblijn, B. A. van Wagensveld, S. M. Lagarde, 
and S. M. M. de Castro

 Introduction

Marginal ulceration (MU) is defined as an ulcer at 
or next to the gastrojejunostomy occurring mostly 
after (laparoscopic) Roux-en-Y gastric bypass ((L)
RYGB) (Fig. 29.1). In the medical literature, two 
other synonyms are frequently used to describe 
this ulcer: an ischemic ulcer and anastomotic ulcer. 
In this chapter we will refer to this type of ulcer as 
“marginal ulcer.” A MU is a possible serious com-
plication, which occurs in 0.6 till 16% of all 
patients after (L)RYGB [1–5]. Even though sev-
eral new procedures such as sleeve gastrectomy 
are increasingly being performed, (L)RYGB 
remains one of the most frequent performed pro-
cedures worldwide, and this is not anticipated to 
change over time. As the number of performed 
procedures increases due to its successes [6] and 
the increase of patients with morbid obesity [7], a 
subsequent rise in the absolute number of patients 
with a MU will be expected. A MU can develop 

into a potentially severe and even lethal complica-
tion due to asymptomatic progression resulting in 
massive bleeding or a perforation [8–10]. The 
present chapter will focus on the present knowl-
edge about the pathophysiology, diagnosis, and 
treatment of MU after (L)RYGB. The last part of 
the chapter will discuss the prevention of MU.

 Incidence

The incidence of MU is widespread through the 
literature and, as already mentioned, ranges from 
0.6 till 16 percent in different studies [2, 5]. Most 
studies focus on the incidence of symptomatic 
MU, e.g., patients who present with complaints 
of MU such as epigastric burn and abdominal 
pain. However, two studies looked at the overall 
incidence of MU. One performed a gastroscopy 
1 month and 2 years after surgery in all patients 
who underwent gastric bypass surgery. They 
found an incidence of 4.1% in the first month, 
which decreased to 0.5% after 2 years. The other 
study performed a gastroscopy at 3 months after 
surgery and found an incidence of 7.6% [3, 11].

On daily notice, symptoms are important to 
identify MU; however, in the previous cited study 
of Garrido et al., all patients with MU at endos-
copy (7.6%) were asymptomatic [11]. It could be 
hypothesized that those ulcers were still more 
superficial due to the early detection by standard 
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endoscopy and therefore less prone to cause 
symptoms, but it does show the sometimes 
asymptomatic nature of MU.

A review published in 2013 found, with all 
studies combined, a mean incidence of MU 
around 4.6% throughout the years. Considering 
the time in which a MU is likely to develop, it can 
be shortly after surgery (within the first month) or 
even years after [12]. The mean time till develop-
ment of a MU was around 14 months [13]. Due to 
the difference in development interval, it can be 
hypothesized that a different pathophysiology 
exists in early and late MUs.

 Pathophysiology and Risk Factors

Most likely the pathophysiology of the develop-
ment of MU is multifactorial and can be different 
per case.

 Anatomy
In the early 1990s, Capella et al. discovered that 
the anatomic location of the pouch is associated 
with MU.  The hypothesis is that the anatomic 
location corresponds with the concentration of 
the parietal cells in the stomach. The concentra-
tion of parietal cells is highest in the antrum of 

Gastric Pouch

Excluded 
Stomach 

Roux Limb 

Esophagus

Billio- 
Pancreatic 
Limb 

Small 
Intestine - 
common 
channel 

Fig. 29.1 Roux-en-Y 
gastric bypass and the 
marginal ulcer location. 
(Adapted from: [49])
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the stomach, whereas more proximal they virtu-
ally disappear. Therefore, patients with a large, 
less proximal pouch have a higher risk for MU 
because a part of the antrum, with the high inci-
dence of parietal cells, is included [14]. In con-
trast, the more proximal the pouch, the lower the 
incidence of MU [15–17]. If a (L)RYGB is per-
formed with a micropouch, the incidence of MU 
decreases [18, 19].

All the above and the introduction of the lapa-
roscopic technique to perform a gastric bypass 
contributed to a standardized approach for pouch 
formation in (L)RYGB [19, 20].

However, the place and size of the pouch are 
not the only explanation as studies performing a 
24  h pH measurement in the pouch show that 
around 10% of the time, the pH is still below 4 
even though the pouch is oriented in the most 
proximal part of the stomach, causing exposure of 
the vulnerable jejunal mucosa to gastric acid [21, 
22]. Furthermore, a dilated gastric pouch may be 
predisposed to late marginal ulceration because of 
the increased number of parietal cells [23, 24]. The 
low pH can be used as a potential target for pro-
phylactic therapies such as a short course of proton 
pump inhibitors or H2 antagonists [25, 26]. Some 
surgeons advocate prophylactic vagotomy in 
patients undergoing (L)RYGB in order to reduce 
the amount of acid in the pouch [4, 27].

 Type of Procedure and Surgical 
Technique
As found in the earlier mentioned systematic 
review of 2013, no difference in the incidence of 
MU can be found in open versus laparoscopic 
RYGB. There are reports suggesting that the type 
of suture material and technique of creating the 
anastomosis could be of importance in the risk 
for developing a MU [25, 28]. Factors such as 
suture material and anatomic location could 
influence the incidence of a MU. Capella et  al. 
found that using staples to create the anastomosis 
increased the risk on postoperative MU if this 
was compared to the use of absorbable suture 
materials [1, 29, 30]. Suture materials were found 
at endoscopy and performed to diagnose MU, in 
almost a third of the patients [2, 14].

Another hypothesis is that local ischemia at 
the anastomosis increases the risk of MU devel-

opment as its synonym, ischemic ulcer, indicates. 
Therefore, tension at the gastrojejunal anastomo-
sis is considered to increase the risk on MU apart 
from the risk on anastomotic leakage.

Some patients develop gastro-gastric fistulae 
(i.e., fistula between remnant stomach and pouch) 
as a complication, of which the first sign can be a 
MU, possibly caused by more acid in the pouch 
due to the fistulae [14]. However, the pathophysi-
ology may also be the other way around in which 
a MU causes a fistula.

 H. pylori
The contribution of H. pylori infection to the 
development of MU is questionable, as in con-
trast to its importance in the development of 
“normal” peptic ulcer disease. Even more, no 
evidence exists linking the presence of H. pylori 
to the development of MU. It seems that patients 
who developed MU after LRYGB were not 
infected with H. pylori at the time of their diag-
nosis as shown by Suggs et al. where all the 23 
patients who developed a MU tested negative for 
H. pylori serology [31].

In some clinics, every patient who is sched-
uled for gastric bypass surgery is screened for 
the presence of H. pylori. The incidence of pre-
operative infection with MU is between 22% 
and 67% [32–34]. Even though MU might not 
be associated with H. pylori, it is advised to test 
for its presence prior to surgery due to the asso-
ciation of H. pylori with gastric cancer in the 
general population. After (L)RYGB the remnant 
stomach is left in situ without easy endoscopic 
access for early diagnosis of possible gastric 
cancer [19, 35].

 Patient Demographics
Many studies have looked for potential modifiable 
patient associated risk factors associated with 
MU. Several studies looked into different medica-
tions and their influence on the development of 
MU.  For nonsteroidal anti-inflammatory drugs 
(NSAIDS), it is known that by means of the inhibi-
tion of COX-2  in the general population, they 
increase the risk for peptic ulcer  disease [36, 37]. 
The association between MU and NSAIDS is also 
seen in most studies with patients after (L)RYGB 
[12, 13, 38]. Also patients who use (inhalation) 
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corticosteroids seem to have an increased risk for 
developing a MU [12, 13]. The presence of diabe-
tes mellitus, hypertension, and obstructive sleep 
apnea does not seem to correlate with the develop-
ment of MU [12, 27]. The use of tobacco predis-
posed for the development of MU as shown by 
Wilson et al. and different other studies [13, 38]. 
Some clinics require their patients to quit smoking 
prior to surgery. The pathogenesis of tobacco in 
the development of MU is unknown; it is thought 
that with the vasoconstriction caused by tobacco, 
local ischemia at the anastomosis increases which 
subsequently predisposes for MU.

 Symptomatology and Diagnostics

Although the symptomatology of MU differs in 
every patient, most people suffer from abdominal 
pain or epigastric burn, especially prior to eating, 
and nausea [11, 27, 39]. However, some patients 
have no symptoms at all until they present with a 
sudden perforation or severe bleeding [8, 9]. 
NSAIDS or anticoagulation use increases the risks 
of severe bleeding from a marginal ulcer. In the 
general population, the use of anticoagulants (aspi-
rin or vit. K antagonists) is usually combined with 
proton pump inhibitor (PPI) treatment, and this 
should also be done in bariatric surgery patients.

The incidence of perforated MU is around 
1–2% of the total bariatric population, therefore 
around 6–7% of all the patients with MU [10, 13, 
40]. Patients who present with a perforated MU 
can present with a septic profile and severe 
abdominal pain due to the leakage of stomach 
contents into the peritoneal cavity [9].

Diagnostics of choice in the elective setting is 
upper endoscopy, during which a corpus alienum, 
if applicable, can be removed [3, 38, 39]. When a 
perforation is suspected, an X-ray or CT scan can 
be the (easy accessible) diagnostics of choice as 
those patients might be septic and quick manage-
ment is required.

 Treatment

A MU can be treated conservatively with PPIs or 
needs invasive treatment with endoscopy and 

sometimes surgery. If possible, the treatment of 
choice is conservative therapy. When diagnosed 
with a MU without acute symptoms such as sep-
sis, severe pain, or bleeding, the initial treatment 
should start with PPIs (two times daily), com-
bined with Sucralfate® for relief of symptoms 
such as epigastric burn. No evidence exists that 
intravenously proton pump inhibitor treatment is 
preferable compared to oral therapy. Cessation of 
risk factors such as smoking and using NSAIDs, 
corticosteroids, or anticoagulants is mandatory 
[13, 41]. The systematic review of 2013 indicates 
that over two thirds of the patients with MU can 
be successfully treated with PPIs, H2 antagonists, 
Sucralfate®, or a combination of these [12, 42].

The other 1/3 patients often need treatment by 
endoscopic interventions or surgery. Especially 
patients with recurrent ulcers may benefit from 
endoscopic removal of a corpus alienum (e.g., 
suture material or staples) from the ulcer bed.

Some patients need surgery to be cured of 
their ulcers as conservative treatment fails or in 
an acute situation. Most of the patients who 
undergo surgery are those with a perforation 
(around 6.7% of all MU presentations), with sig-
nificant bleeding which cannot be cured with a 
PPI, with gastro-gastric fistulae (to treat the fistu-
lae, when the fistulae are resected, the pH of the 
pouch will increase and the MU will heal), or 
with retractable ulcers [10, 42–44]. Most revi-
sions can be performed laparoscopically, which 
is equally effective and safe compared to the 
open procedures. During the revisional proce-
dure, the (sometimes dilated) pouch is partially 
resected and reconstructed, and a new anastomo-
sis is created (Fig. 29.2).

 Prevention

Since Capella et  al. showed the importance of 
preoperative pouch formation in preventing mar-
ginal ulceration [1], the procedure of pouch for-
mation has been standardized. This pouch is 
created in the lesser curvature of the stomach 
using one horizontal and two vertical firings of a 
45 mm linear stapler. Special attention should be 
paid to the posterior part of the pouch as this is 
easily left to large when posterior adhesions are 
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not properly removed. Guideline for pouch size 
is around 15 till 30 milliliters.

Some authors advocate a standard gastroscopy 
around 6  weeks to 3  months after surgery to 
inspect the pouch and remove any remnant 
sutures which could cause a MU [45]. Multiple 
studies found a decrease in ulcer formation if 
absorbable suture were used instead of staples [1, 
28]. However, the large meta-analysis of Jiang 
et al., published in 2016, did not find an associa-
tion. The study did show that a hand-sewn anas-
tomosis was associated with less postoperative 
bleeding and wound infection compared to a sta-
pled one [46]. Csendes et al. investigated the role 
of remnant stomach evacuation in prevention of 
MU and found that with the remnant stomach in 
situ, the incidence of MU was 12.3%, whereas 
with the remnant stomach removed, the incidence 
was 4.1%. However, up until now, this did not 
change the operative procedure since removal of 
the remnant stomach increases majority and 
thereby the risk of surgery. All patients in the 
study of Csendes et al. underwent postoperative 
endoscopy independent of the presence or 
absence of any symptoms [3]. This effect of 
removal of the remnant stomach is probably due 
to the subsequent absence of acid production in 
the remnant stomach, caused by the hormonal 
feedback mechanism, autonomous of usage of 
the (remnant) stomach.

All patients should be encouraged preopera-
tively to stop smoking [38]. Patients who use 
NSAIDs should stop using these, and alternatives 
should be prescribed if possible. The same should 
be done for patients who use corticosteroids or 
anticoagulants. If it is impossible to change the 
patient’s medication, lifelong PPI use should be 
considered [25, 26].

Evidence exists that all patients should use a 
prophylactic course of PPIs for some time after 
surgery to prevent the development of MU. One 
study shows a decrease from 6.2 to 1.8% after the 
introduction of a 6-month course of prophylactic 
PPIs [26]. A recent study suggests that a longer 
duration of PPI usage is preferable compared to 
shorter duration [47, 48].
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Rhabdomyolysis

João Ettinger, Paulo Vicente Filho, Euler Ázaro, 
and Paulo Benigno

 Introduction

Morbid obesity is a global scourge. The world-
wide prevalence of obesity has nearly doubled 
between 1980 and 2008. In 2008, 10% of men 
and 14% of women in the world were obese, 
compared with 5% for men and 8% for women in 
1980. Given the absence of effective methods for 
conservative treatment of obesity, the number of 
bariatric surgery operations performed in grow-
ing every year. The most common complications 
of bariatric surgery include staple line leakage, 
suture line bleeding, episodes of pulmonary 
embolism, and infection of the surgical site. 
Another potentially life-threatening complication 
of bariatric surgery is rhabdomyolysis (RML) 
[1]. RML is a clinical and biochemical syndrome 
caused by skeletal muscle necrosis that results in 
extravasation of toxic intracellular contents from 
the myocytes into the circulatory system. The 
incidence of RML in bariatric surgery varies 
from 6% to 75% [2–4] (Table 30.1). Postoperative 
RML in morbidly obese patient occurs due to the 
prolonged muscle compression in many non- 
physiological surgical positions, but mainly in 
procedures longer than 4–5 hours [4–6]. In bar-
iatric surgery, the excessive weight, the presence 
of diabetes, an ASA physical status >II, and pro-

longed surgical time also lead to RML [5, 6]. Full 
recovery can be expected with early diagnosis 
and treatment of the many complications that can 
develop in patients with this syndrome [7]. If pre-
vention of RML is not done, or the diagnosis is 
delayed, and appropriate treatment is not insti-
tuted, serious complications and even death can 
occur.

 Pathophysiology

RML is the dissolution of striated muscle of any 
part of the human body which results in the 
release of muscle cell constituents into the extra-
cellular fluid and circulation. Its consequence is 
the development of a nonspecific clinical and 
biochemical syndrome, harmful to the human 
organism [6–9, 12]. Myocytes in physiological 
form show a typical distribution of intra- and 
extracellular ions, which is critical to the mainte-
nance of normal function. Ions in the body are 
either predominantly intracellular or extracellu-
lar; none of these have the same distribution [6]. 
Muscular injury leads to disruption of the inter-
nal cellular structures of muscle cells. Cells with 
damaged membranes allow the uncontrolled 
influx of sodium, chloride, calcium, and water 
down their electrochemical gradients. Large 
amounts of intravascular fluid (up to 12 liters) 
can leave the circulation and become seques-
tered as edematous fluid in damaged muscle tis-
sue. This fluid shift produces an intravascular 
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hypovolemia and subsequently hemodynamic 
instability [13, 14]. The dramatic decrease in 
plasma volume leads to vasoconstriction, prere-
nal failure, and, eventually, acute intrarenal fail-
ure [12]. Chloride and calcium also enter the 
cells, causing serum hypocalcemia and calcium 
deposition in skeletal muscle and renal tissues 
[15]. Among the intracellular components that 
leak out of damaged skeletal muscle, the most 
immediately important one is potassium. 
Because this electrolyte is moving from an intra-
cellular area of high concentration into the 
serum, where a low concentration is normal, 
lethal hyperkalemia can develop rapidly with 
cardiotoxic effects and dysrhythmias [16]. 
Phosphate also leaves the cells, producing hyper-
phosphatemia. Injured myocytes also leak lactic 
acid and other organic acids, promoting meta-

bolic acidosis and aciduria. Purines released 
from disintegrating cells are metabolized to uric 
acid and can lead to hyperuricemia [6, 17]. 
Myoglobin is an oxygen-carrying molecule that 
gives muscles their red-brown color. Lysis of as 
little as 100 g of skeletal muscle results in myo-
globinuria. Myoglobin is also nephrotoxic in 
patients with concomitant oliguria and aciduria 
[6, 18]. Thromboplastin and tissue plasminogen 
are released from injured muscle tissue, making 
patients with RML susceptible to disseminated 
intravascular coagulation, mainly when associ-
ated with sepsis [14, 17–21]. RML also produces 
extreme increases in serum levels of creatinine 
phosphokinase (CPK). CPK has no toxic effects, 
and elevated plasma CPK levels are simply a 
marker of increased permeability of muscle 
membranes. However, high values are pathogno-

Table 30.1 Research articles about rhabdomyolysis in bariatric surgery

Author
Journal Year N Study type Technique Total RML

Mild
RML
CPK 
<4000 
UI/L

Severe
RML
CPK 
>4000 
UI/L

Operative 
time
Mean – 
min

BMI
Mean
kg/m2

Khurana 
et al.
Arch Surg

2004 353 Retrospective Laparoscopic 
DS

– Not 
studied

1.4%
5 patients

246 56 kg/m2

Patients 
with RML

Mognol 
et al.
Obes Surg

2004 66 Prospective LAGB X 
LRYGBP

22.7%
15 patients

15.2%
10 
patients

7.5%
5 patients

110 LAGB
390 
LRYGBP

43.9 kg/m2

58.8 kg/m2

Carvalho 
et al.
Obes Surg

2006 98 Prospective ORYGBP 37.8%
38 patients

37.8%
38 
patients

None 220 43.2 kg/m2

Faintuch 
et al.
Obes Surg

2006 129 Retrospective ORYGBP 12.9%
16 patients

8.5%
11 
patients

3.8%
5 patients

320 mild 
RML
340 severe 
RML

50.8 kg/m2

mild RML
54.6 kg/m2

Severe 
RML

Lagandré 
et al.
Obes Surg

2006 49 Prospective LAGB X 
intestinal 
bypass
X RYGBP

26.5%
13 patients

24.5%
12 pac

2.04%
1 patient

195 
without 
RML
272 with 
RML

49.7 kg/m2

Ettinger 
et al.
Obes Surg

2008 114 Retrospective ORYGBP X 
LRYGBP

7%
8 patients

7%
8 patients

None 182 
ORYGBP
171 
LRYGBP
176 total

44.6 kg/m2

ORYGBP
41.5 kg/m2

LRYGBP
43.1 kg/m2

Total

From Ettinger et al. [2]
ORYGBP open Roux-en-Y gastric bypass, LRYGBP laparoscopic Roux-en-Y gastric bypass, LAGB laparoscopic adjust-
able gastric banding, DS duodenal switch, RML rhabdomyolysis
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monic for RML, because no other  condition will 
lead to such extreme CPK elevations [22].

 Rhabdomyolysis in Morbidly Obese

Rhabdomyolysis was initially described in 
patients injured in disasters such as the 1940 
bombing of London during World War II and the 
1908 earthquake in Sicily. RML has been seen 
following traumatic injury, and it is also seen in 
patients undergoing elective surgery. RML has 
been reported in a number of surgical disciplines 
including urology, neurosurgery, orthopedics, 
and cardiovascular and bariatric surgery [23]. 
RML in morbidly obese patients is caused by tis-
sue compression with extended periods of immo-
bilization. This leads to muscle ischemia which 
interferes with oxygen delivery to the cells, 
thereby limiting production of adenosine triphos-
phate (ATP) and function of sodium-potassium 
ATPase membrane pumps. This results in a loss 
of intracellular fluid and release of myoglobin, 
intracellular enzymes, and electrolytes into the 
bloodstream, which leads to electrolyte imbal-
ance, hypovolemia, compartment syndrome, dis-
seminated intravascular coagulation (DIC), 
cardiac disorders, and acute kidney injury. Renal 
failure may be seen in up to 33% of all RML 
cases, and patients who develop acute renal 
injury are at an increased risk of death (up to 
50%) [23]. Animal studies have demonstrated 
myonecrosis when an intracompartmental pres-
sure of 30 mmHg was applied for 4–8 hours [6]. 
Recognized risk factors for the development of 
postoperative RML are prolonged duration of 
operation, massive obesity, surgical compressive 
positioning, and endocrine or metabolic disor-
ders such as diabetes and hypertension. Another 
cause is peripheral vascular disease which is a 
predisposing factor for compartmental syndrome 
[24]. Long duration of surgery promotes more 
tissue compression and ischemia. RML has 
occurred after operations in nonobese patients 
when the surgery was >7 hours. Obese patients 
are at risk during shorter operative procedures, 
longer than 230 minutes [25]. Obesity increases 
tissue compression [7], where the weight is >30% 

above ideal weight [4]. RML is a complication of 
various non-physiological positions, e.g., the 
seated, lateral decubitus, prone, exaggerated or 
high lithotomy, genupectoral, knee-chest or 
tucked, supine, and hyperlordotic positions [26–
28]. Super-obese male patients (BMI >50) with 
hypertension, diabetes, and peripheral vascular 
disease are at greater risk for RML.  Diabetic 
obese patients were found to be at an eight times 
increased risk of developing RML [25, 26]. These 
factors are not independent: super-obese male 
patients are more likely to be diabetic and hyper-
tensive, and bariatric surgery in this population 
may be more difficult and likely to be associated 
with longer duration of operations and conse-
quently more tissue compression. Other potential 
etiologic factors include family history of muscle 
disease and the consumption of certain drugs, 
notably anti-cholesterol statins [29]. Recent pub-
lications showed improved postoperative out-
come and reduced incidence of myocardial 
damage at the first month following surgery on 
continuous statins, without clinical or laboratory 
evidence of rhabdomyolysis [30].

Anesthetic and perioperative medications 
such as propofol, barbiturates, salicylates, benzo-
diazepines, antihistamines, and opiates have been 
associated with an increased risk of RML [23], 
although Lehavi et  al. suggest that propofol- 
based anesthesia is not related to increased inci-
dence of RML in morbidly obese patients 
undergoing short, uncomplicated bariatric sur-
gery [30].

 Prevention of Rhabdomyolysis 
in Morbidly Obese

Prevention of RML avoids serious outcomes of 
this important complication (Table  30.2). 
Prevention is enhanced by careful padding at all 
pressure points during surgery mainly around the 
hips, shoulders, and buttocks (areas adjacent to 
bone prominences) to minimize the surface and 
deeper pressure, by distributing pressure over a 
greater surface area [3, 4, 31]. Some authors 
argue that this may be counterproductive as it 
increases the force per unit area and is reflected 
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by the continuing high incidence of RML where 
padding of pressure points has still been utilized 
during bariatric surgery [23]. The use of pneu-
matic beds during surgery is important to prevent 
the occurrence of RML [26]. Obese surgical 
patients can position themselves on the surgical 
table before induction of anesthesia, to the most 
appropriate position, avoiding positions that can 
increase muscle compression [27]. The use of 
two combined surgical tables to decrease the 
pressure on the back surface of the massively 
obese patient can prevent RML. Changing patient 
position, both intraoperatively (for operations 
lasting >2–3  hours) and postoperatively, is rec-
ommended to protect injured and uninjured mus-
cle tissue in the morbidly obese patient [28]. The 
duration of immobilization is greater for very 
heavy patients. This is not only because the oper-
ation takes longer but also because other aspects 
of the operation including the placement of cen-
tral lines or arterial lines are more likely to be 
difficult and time-consuming. The longer the 
immobilization, the greater is the RML risk, so 
one potential new solution proposed by some sur-
geons is to decrease the longer operative time by 
dividing the procedure into two stages, doing a 
gastric sleeve resection initially, and then when 
the patient has lost considerable weight perform-
ing the definitive bypass. Regan’s group [32] 
concluded that laparoscopic sleeve gastrectomy 
with second-stage Roux-en-Y gastric bypass is 
feasible and effective. This two-stage approach is 

a reasonable alternative for surgical treatment of 
the high-risk super-super-obese (BMI >60) 
patient. Another way to limit the duration of sur-
gery in high-risk patients is alerting surgeons 
early in their learning curve not to select patients 
who fall into this group, or to offer such patients 
a staged procedure. It is also important to have a 
hospital bed designed for morbidly obese patients 
to be used during the postoperative time.

Since RML was first described aggressive 
intraoperative (Table  30.3) and postoperative, 
fluid replacement was seen as a way to prevent 
and treat this patients. A high urine output should 
be instituted with the administration of IV fluids 
and diuretics, before, during, and after surgery [3, 
12, 26]. So far, recently, Matlok et al. argued that 
decreasing intravenous fluid administration may 
reduce the risk of RML after bariatric surgery. 
The analysis of the volume of fluids administered 
intravenously from the induction of anesthesia, 
through surgery, perioperative period, to 24 hours 
after surgery showed that in the group of patients 
who developed RML, the median administered 
fluid volume was 3750  ml, compared with 
3000 ml for the group who did not develop the 
condition. Every 500  ml above the median 
resulted in an increase in the OR of RML by 
11%. More research must be done to confirm this 
finding [1].

 Diagnosis of Rhabdomyolysis

 Clinical Findings and Physical 
Evaluation

The initial expression of RML can be sudden, 
and an early diagnosis requires a high degree of 
suspicion [6]. In most cases, RML proceeds 
 subclinically and is identified on the basis of 

Table 30.2 Methods to prevent rhabdomyolysis in mor-
bidly obese submitted to surgical treatment

Padding pressure areas
Use of pneumatic beds during operation
Use of two combined surgical tables
Optimal position on surgical table
Limit surgical time:
  Reduce weight before bariatric surgery or perform 

surgery in two stages
  Avoid early in the learning curve operating 

super-obese patients
Changing patient position intra- and postoperatively
Aggressive fluid replacement perioperatively
Early ambulation
Discontinue statin therapy
Correct risk factors for RML after surgery (Table 30.2)

From Ettinger et al. [55]

Table 30.3 Intraoperative prevention of rhabdomyolysis 
in morbidly obese

Measures
Hydration >13 ml/kg/h
Maintain diuresis >2.3 ml/kg/h
Operative time <2 h

From Ettinger [54]

J. Ettinger et al.
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increased blood levels of myoglobin and 
enzymes released by the injured muscles. The 
characteristic triad of complaints in rhabdomy-
olysis is muscle pain, weakness, and dark urine. 
However, more than half of patients may not 
report muscular symptoms. Usually, the first sys-
temic clinical sign is the appearance of urine 
with altered color that can range from pink to 
brown and black [6, 7, 11]. Myoglobinuria is 
suspected with the presence of altered urine 
color [11] and requires differential diagnosis 
among several entities [28].

The syndrome has local and systemic features. 
Local signs and symptoms are nonspecific and 
may include muscle pain, tenderness, swelling, 
bruising, and weakness. Systemic features 
include tea-colored urine, fever, malaise, nausea, 
emesis, confusion, agitation, delirium, and anuria 
[7] (Table  30.4). Compartment syndrome is a 
potential complication of severe rhabdomyolysis 
that may develop after fluid resuscitation, with 
worsening edema of the limb and muscle.

Patients with an epidural in place may not 
complain of pain and surreptitiously develop 
renal failure from RML. In these patients, regular 
postoperative CK levels are essential in order to 
identify rhabdomyolysis early.

During the physical examination, decubitus 
ulcer and eruptions can be present in pressure 
zones, mainly at the hips, limbs, and buttocks. 
Muscle weakness may be present, depending 
upon the severity of muscle injury. Skin changes 
of ischemic tissue injury, such as discoloration or 
blisters, may also be seen but are present in less 
than 10 percent of patients [12, 28] (Tables 30.5 
and 30.6).

 Laboratory Findings
Although history and physical examination can 
provide clues, the actual diagnosis of RML is 
confirmed by laboratory studies [6, 10, 30]. CK 
testing should be performed in all patients after 
bariatric surgery to make an early diagnosis and 
properly start fluids and diuretics [25]. The diag-
nosis can be confirmed by identifying high levels 
of creatine phosphokinase (CPK). Serum CPK 
five times the normal value or >1000 IU/L is con-
sidered as a biochemical diagnosis of RML [3]. 
The elevation in CPK levels is the most sensitive 
diagnostic evidence of muscle injury and is pres-
ent in 100% of RML cases [5–7]. CK >5000 U/L 
indicates serious muscle injury. When the RML 
syndrome is present, extreme quantities of 
CKMM are released into the blood system, and 
peak concentrations of 100,000  IU/ml or more 
are not unusual. No other condition will cause 
such extreme CPK elevations [6]. Small amounts 
of CKMB may also be present. The serum CK 
begins to rise within 2–12  hours following the 
onset of muscle injury, and peak values occur 
4–7 days after injury and remain elevated for up 
to 12 days [28]. In patients whose CK does not 
decline as expected, continued muscle injury or 

Table 30.4 Clinical features of rhabdomyolysis

Local features Systemic features
Muscle pain
Tenderness
Swelling
Bruising
Weakness

Tea-colored urine
Fever
Nausea
Malaise
Emesis
Confusion
Agitation
Delirium
Anuria

From Sauret et al. [7]

Table 30.5 Rhabdomyolysis complications

Early Late
Hyperkalemia Acute kidney injury (AKI)
Hypocalcemia Disseminated intravascular 

coagulation
Hepatic 
inflammation

Compartment syndrome

Cardiac arrhythmia
Compartment 
syndrome

From Sauret et al. [7]

Table 30.6 Risk factors for acute renal failure from 
rhabdomyolysis after bariatric surgery

Hypoalbuminemia
Hyperkalemia or hypophosphatemia
Sepsis
CPK peak >6000 IU/l
Hypertension
Diabetes
Preexisting azotemia

From Mognol et al. [3]
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the development of a compartment syndrome 
may be present. In some cases, the CPK isoen-
zymes MM and MB are measured to distinguish 
a cardiac from a skeletal source [11]. An electro-
cardiogram must also be done to differentiate 
RML from myocardial infarction [3].

Urinary myoglobin provokes a typical reddish 
brown color. Visible changes in the urine only 
occur once urine levels exceed from about 100 to 
300 mg/dL [33]. Urine myoglobin concentration 
>300 ng/ml is associated with an increased risk 
of RML and ARF.  Urinalysis in patients with 
RML will also reveal the presence of protein, 
brown casts in tubules, and uric acid crystals and 
may reflect electrolyte wasting consistent with 
renal failure [6].

When RML is present, there is generally an 
increase in blood urea nitrogen and creatinine 
due to prerenal causes of ARF from dehydration 
and myoglobinuria [34]. Both ARF and increased 
release of creatine from skeletal muscle cause the 
serum concentration of urea nitrogen and creati-
nine to increase in RML.  Volume depletion 
resulting in renal ischemia, tubular obstruction 
due to heme pigment casts, and tubular injury 
from free chelatable iron all contribute to the 
development of renal dysfunction.

A classical pattern of changes in serum elec-
trolytes occurs in RML. At the outset, serum lev-
els of potassium and phosphate increase as these 
components are released from the cells, and then 
levels decrease as they are excreted in the urine. 
Serum concentration of calcium initially 
decreases as calcium moves into the damaged 
muscle cells and then gradually increases during 
the recovery phase due to the release of calcium 
from injured muscle and elevated 
1,25- dihydroxyvitamin D levels [32]. Severe 
hyperuricemia may develop because of the 
release of purines from damaged muscle cells 
[33, 34]. High anion acidosis can also occur with 
RML [34]. Severe rhabdomyolysis may be asso-
ciated with the development of disseminated 
intravascular coagulation due to the release of 
thromboplastin and other prothrombotic sub-
stances from the damaged muscle. Clotting stud-
ies are useful for detecting any indication of 
disseminated intravascular coagulation [6]. 

Serum aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), aldolase, troponin I, and 
lactate dehydrogenase (LDH) enzymes can 
increase due to muscular injury [28, 34]. Serum 
carbonic anhydrase III has also been suggested as 
a marker for the diagnosis of RML [28]. Arterial 
blood gas analysis is helpful for detecting under-
lying hypoxia and metabolic acidosis and moni-
toring sodium bicarbonate therapy [6]. Muckart 
et al. concluded in a prospective study that venous 
bicarbonate (VBC) concentration has an impor-
tant role as a predictive factor that allows identi-
fication of patients at risk of developing 
myoglobin-induced acute kidney injury (AKI). A 
VBC <17 mmol/L was significantly predictive of 
ARF development [35].

 Image Examinations
Radiographic evaluation can also be valuable for 
diagnosing RML when clinical findings and 
physical examination are not elucidating 
(Table 30.7). Magnetic resonance imaging (MRI) 
and computed tomography (CT) are helpful in 
the diagnosis of RML [37]. MRI accurately iden-
tifies muscular edema in the affected muscle 
groups. In Lamminen et  al.’s prospective study, 
MRI had a higher sensitivity in the detection of 
abnormal muscles than CT or ultrasound (US) 
(100%, 62%, and 42%, respectively) [38]. CT 
evaluation can reveal muscle necrosis and calcifi-
cation that occur early in the course of RML [39]. 
CT for the diagnosis of RML must be non- 
contrast enhanced to avoid acute renal failure 
[40]. 111 In-labeled antimyosin monoclonal anti-
body and technetium-99m pyrophosphate 
(99mTc-PYP) scintigraphy have also been used 
to make the diagnosis of RML and evaluate 

Table 30.7 Image examinations to detect RML and the 
findings

Magnetic 
resonance imaging Muscular edema
Computed 
tomography

Muscle necrosis and calcification

Ultrasound Hyperechoic areas
Technetium-99m 
scintigraphy

Accumulation of the radioactivity 
in the damaged skeletal muscle

From Ettinger et al. [56]

J. Ettinger et al.
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 muscle injury [28]. Ultrasound has also been 
known to have some value in identifying injured 
musculature in RML by revealing hyperechoic 
areas within the muscles examined [41]. Plain 
muscle X-ray does not have value in RML [42]. 
A muscle biopsy in the affected site can be done 
if any doubt remains. Findings on biopsy include 
loss of normal cross-striations and cell nuclei and 
the absence of inflammatory cells [28].

Electromyographic (EMG) is an important 
diagnostic tool in the work-up of patients pre-
senting acute or subacute severe muscle weak-
ness and significantly elevated CPK when the 
differential diagnosis includes RML and inflam-
matory myopathies [36].

 Rhabdomyolysis Treatment

The treatment of RML is geared toward preserv-
ing renal function, which is done by preventing 
factors that can lead to ARF, which are dehydra-
tion, hypovolemia, tubular obstruction, aciduria, 
and free radical release [43]. Early recognition 
allows the administration of fluid, bicarbonate, 
and mannitol [4, 6, 10, 44]. These measures help 
to prevent volume depletion, tubular obstruction, 
aciduria, and free radical release which is the 
mechanism for renal failure in rhabdomyolysis 
[4, 10]. Hypovolemia may result from sequestra-
tion of water by muscles and must be prevented 
by the early and aggressive administration of 
intravenous fluids [7, 45]. Expanding the intra-
vascular volume maximizes renal excretion by 
flushing out the tubular debris and limiting the 
time that nephrotoxins are in contact with renal 
tissues [6, 45]. Treatment of RML requires 
aggressive administration of fluids to ensure 
urine output >1.5 ml/kg/h [46] or 150–300 ml/h 
until myoglobinuria has ceased [6, 7, 10, 13]. 
Maintaining a urine output this high may require 
intravenous infusion of fluids between 500 and 
1000 ml/h [13], and all patients should have a uri-
nary catheter placed in order to adequately moni-
tor fluid output [47]. Increasing intraoperative 
fluids does not seem to prevent RML or progres-
sion to acute kidney injury; however, early fluid 
resuscitation within 6 h resulting in a forced 

diuresis may preserve renal function and prevent 
mortality [48].

Diuretics are also used, mainly mannitol and 
loop diuretics. The addition of mannitol to the 
fluid regimen serves several purposes: mannitol 
increases renal blood flow and glomerular filtra-
tion rate; mannitol is an osmotic agent that 
attracts fluids from the interstitial compartment, 
thus counterbalancing hypovolemia and reducing 
muscular swelling and nerve compression. 
Mannitol is an osmotic diuretic that increases uri-
nary flow and prevents obstructive myoglobin 
casts, and mannitol scavenges free radicals. 
Many authors assert that loop diuretics (furose-
mide, bumetanide, and torsemide) must be used 
if fluids and mannitol are insufficient to maintain 
a brisk urine output [10, 13]. They increase tubu-
lar flow and calcium losses and decrease the risk 
of precipitation of myoglobin [49], although they 
may acidify the urine [49, 50]. However, there is 
no evidence that diuretics improve the final out-
come [7]. These aggressive and successful mea-
sures were first described in trauma patients who 
had traumatic rhabdomyolysis [19], but to date 
no randomized controlled trial has shown unques-
tionable results in preventing acute kidney injury 
with the use of diuretics. Dialysis does not reduce 
myoglobin [51].

The use of sodium bicarbonate helps to cor-
rect the acidosis induced by the release of pro-
tons from damaged muscles to prevent 
precipitation of myoglobin in the tubules and 
reduce the risk of hyperkalemia [49]. Bicarbonate 
and acetazolamide are used for producing more 
alkaline urine when blood pH is >7.45 [46]. 
Some investigators assert that the urine must be 
alkalinized to pH 6.0, 6.5, 7.0, or even 7.53 to 
prevent the dissociation of myoglobin into its 
nephrotoxic components [5, 10, 17, 52]. On the 
other hand, there are also some concerns about 
the use of sodium bicarbonate because it may 
worsen hypocalcemia or precipitate calcium 
phosphate deposition in various tissues [7]. 
Allopurinol may be useful because it reduces the 
production of uric acid and also acts as a free 
radical scavenger. Another purine analog pent-
oxifylline has been considered in the manage-
ment of RML because of its capacity to enhance 
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capillary flow and decrease  neutrophil adhesion 
and cytokine release [49]. Electrolyte disorders 
should be prevented or promptly treated [33]. 
Control of hyperkalemia is an important thera-
peutic goal. Calcium salts and calcium kayexa-
late (sodium polystyrene sulfonate and exchange 
resin) should be used with caution because they 
enhance the risk of intramuscular calcium depo-
sition. Hypocalcemia usually does not require 
correction, particularly because this would 
increase the risk of intramuscular calcium depo-
sition [49].

Dialysis is necessary if the kidneys no longer 
respond to the abovementioned supportive mea-
sures and severe renal dysfunction has set in [3, 
46]. Dialysis is indicated not only in patients with 
overt hyperkalemia but also in patients whose 
serum potassium rises rapidly and those with aci-
dosis [49].

Compartment syndrome may be an early or 
late complication that results mainly from direct 
muscle injury [6, 7, 33]. This complication occurs 
primarily in muscles whose expansion is limited 
by tight fascia. Peripheral pulses may still be pal-
pable, and in these cases, nerve deficits (mainly 
sensory) are the more important finding. 
Compartment syndrome may develop or worsen 
during fluid resuscitation due to the development 
of edema of limbs and/or muscles. Decompressive 
fasciotomy, muscular debridement, and escha-
rotomies should also be considered in patients 
with evidence of neurovascular compression and 
decubitus ulcer if the compartment pressure is 
>30 mmHg [6, 7, 31, 33].
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Depressive Disorders, Alcohol Use 
Disorders, and Suicidality 
in Bariatric Surgery

Adriano Segal

 Introduction

The link between obesity and mental health (or 
its absence) has been the focus of medical atten-
tion since ancient times, with several theories try-
ing to make a cause-effect association ever since. 
Most of the time, obesity has been seen as a result 
of inappropriate personality features or as a result 
of poor coping mechanisms, implying it was a 
psychosomatic disorder [1].

During the final decade of the last century, the 
direction of this cause-effect view has somehow 
changed and obesity started to be viewed by 
some authors and clinicians as a cause of poor 
mental health due to its broad negative impact on 
quality of life (QoL) (not only in terms of psy-
chosocial negative impact but also in terms on 
health negative impact) rather than its effect [1].

Through the last years, obesity and mental 
disorders started to be viewed as independent cat-
egories that shared common physiopathological 

pathways [2, 3]. Moreover, with voluntary weight 
loss in obesity, improvement in quality of life and 
positive impact in some psychiatric disorders are 
repeatedly described [4, 5]. Despite that, alcohol- 
related disorders and suicidality started to appear 
throughout the bariatric surgery literature [6–8].

Here we will summarize these topics, starting 
with depressive disorders and alcohol use disor-
ders. Suicidality will end this chapter.

Due to the extension of this chapter’s theme, 
each of the items that are of paramount relevance 
will be only briefly discussed, so we recommend 
further reading about those topics.

 Depressive Disorders

 Depressive Episode and Depressive 
Disorder

Along with bipolar disorders, depressive disor-
ders (DD) are the most commonly diagnosed 
conditions in general psychiatry. Major DD rep-
resents the classic condition in this group of dis-
orders. It is characterized by discrete episodes of 
at least 2 weeks’ duration with clear-cut changes 
in affect, cognition, and neurovegetative func-
tions and inter-episode remissions [9].

A depressive episode (DE) is a transversal 
diagnose and can be present in a variety of disor-
ders and/or diseases. Depressive disorder (DD) 
as opposed to DE is a longitudinal diagnose, usu-
ally referring to a chronic recurrent disorder.
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The DSM V diagnostic criteria for DE and DD 
[9] are adapted in Table 31.1.

The differential diagnosis of a DE are shown 
in Table 31.2 [9].

Lifetime prevalence estimates of MDE ranged 
from 1.5% to 19.0%. One-year prevalence esti-
mates ranged from 0.8% to 5.8% [10].

The 1-year prevalence of major depressive 
disorder is approximately 7%, with marked dif-
ferences by age group such that the prevalence in 
18- to 29-year-old individuals is threefold higher 
than the prevalence in individuals aged 60 years 
or older. Females experience 1.5- to 3-fold higher 
rates than males, beginning in early adolescence 
[9]. The median age of onset is around 25 years 
old and tends to be higher in high-income coun-
tries (around 30 years old) [10].

DD is associated with a wide variety of 
chronic physical disorders, like arthritis, asthma, 

cancer, cardiovascular disease, diabetes, hyper-
tension, and chronic respiratory disorders, among 
other conditions. Also there are associations with 
numerous adverse outcomes, including but not 
being limited to persistence and severity of a 
wide range of secondary disorders as well as 
increased risk of early mortality due to physical 
disorders and suicide [10]. DD is frequently asso-
ciated to substance use disorders, panic disorder, 

Table 31.1 Adapted DSM V diagnostic criteria for depressive episode

A.  Five (or more) of the following symptoms have been present during the same 2-week period and represent a 
change from previous functioning: at least one of the symptoms is either (1) depressed mood or (2) loss of 
interest or pleasure
Note: Do not include symptoms that are clearly attributable to another medical condition

  1.  Depressed mood most of the day, nearly every day, as indicated by either subjective report or observation made 
by others. (Note: In children and adolescents, it can be irritable mood)

  2.  Markedly diminished interest or pleasure in all, or almost all, activities most of the day, nearly every day
  3.  Significant weight loss when not dieting or weight gain (e.g., a change of more than 5% of body weight in a 

month), or decrease or increase in appetite nearly every day
   (Note: In children, consider failure to make expected weight gain)
  4. Insomnia or hypersomnia nearly every day
  5. Psychomotor agitation or retardation nearly every day
  6. Fatigue or loss of energy nearly every day
  7. Feelings of worthlessness or excessive or inappropriate guilt nearly every day
  8. Diminished ability to think or concentrate, or indecisiveness, nearly every day
  9.  Recurrent thoughts of death, recurrent suicidal ideation without a specific plan, or a suicide attempt or a 

specific plan for committing suicide
B.  The symptoms cause clinically significant distress or impairment in social, occupational, or other important areas 

of functioning
C.  The episode is not attributable to the physiological effects of a substance or to another medical condition

Note: Criteria A to C represent a major depressive episode (MDE)
Note: Responses to a significant loss (e.g., bereavement, financial ruin, losses from a natural disaster, a serious 
medical illness, or disability) may include the signs and symptoms noted in Criterion A, which may resemble a 
depressive episode. Although such symptoms may be understandable, the presence of a MDE in addition to the 
normal response to a significant loss should also be carefully considered. This decision requires clinical judgment 
based on the individual’s history and the cultural norms for the expression of distress in the context of loss

D.  The occurrence of the major depressive episode is not better explained by schizoaffective disorder, schizophrenia, 
schizophreniform disorder, delusional disorder, or other specified and unspecified schizophrenia spectrum and 
other psychotic disorders

E.  There has never been a manic episode or a hypomanic episode
Note: This exclusion does not apply if all the manic- like or hypomanic-like episodes are substance-induced or 
are attributable to the physiological effects of another medical condition

Table 31.2 DE differential diagnosis

Manic episodes with irritable mood or mixed episodes
Mood disorder due to another medical condition (e.g., 
multiple sclerosis, stroke, hypothyroidism)
Substance/medication-induced depressive or bipolar 
disorder
Attention-deficit hyperactivity disorder
Adjustment disorder with depressed mood
Sadness
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obsessive-compulsive disorder, anorexia nervosa, 
bulimia nervosa, and borderline personality dis-
order [9].

The pathophysiology of DD (and other psy-
chiatric disorders) has a series of common path-
ways with obesity pathophysiology, and the 
amelioration of the weight and metabolic status 
that is consequent to any successful obesity treat-
ment (behavioral, pharmacological, or surgical) 
tends to ameliorate those common pathways, 
leading to an improvement in a variety of neuro-
psychiatric markers [2, 3, 11, 12].

The treatment of both DD and DE includes 
biological and psychotherapeutic (notably, behav-
ioral-cognitive psychotherapies) approaches. The 
association of both strategies seems more effica-
cious than any of them separately [13, 14].

It is important to stress out that after each DE, 
the odds of having a subsequent episode are 
 progressively higher, emphasizing the need of 
continuous and proper psychiatric treatment in 
this population. On the other hand, the risk of 
recurrence becomes progressively lower over 
time as the duration of remission increases. The 
persistence of even mild depressive symptoms 
during remission is a predictor of recurrence [9], 
so full remission should be the goal of the treat-
ment. Unfortunately, nonspecialized treatment 
providers may erroneously assess remission, 
favoring chronicity, recurrence, and possible 
disastrous outcomes.

 Depressive Disorders Among 
Bariatric Surgery Patients

 Prior to Surgery
There is a consensus in the literature about a high 
prevalence of psychopathology among bariatric 
surgery candidates. More interesting is the fact 
that obese patients, i.e., obese individuals seek-
ing for treatment, have higher psychopathologies 
rates than obese persons who are not seeking 
obesity treatments, including having history of 
depressive and anxiety disorders [1, 15].

In a recent cross-sectional study [16], Duarte- 
Guerra et al. used the SCID I [17] to interview 
393 treatment-seeking obese patients (79% 

women, mean age 43, mean BMI 47.8  kg/m2) 
looking for DSM-IV-TR [18] axis I diagnosis. 
They have found that about 60% of patients had 
any given psychiatric disorder. Current anxiety 
disorders were the most frequent diagnosis 
(46.3%). Also, lifetime rate of any psychiatric 
disorder was of 80.9%, and lifetime affective dis-
orders were the most frequent diagnosis (total 
64.9%; bipolar disorders 35.6% and DD 29.3%). 
Roughly half of the patients presented three or 
more comorbid psychiatric disorders among 
those who had any lifetime psychiatric disorder.

In a meta-analysis published in 2016, Dawes 
et al. showed results from 59 studies reporting the 
prevalence of preoperative mental health condi-
tions (65,363 patients). Among these, the most 
common psychiatric disorders were depression 
(19% ranging from 14% to 25%) and binge eating 
disorder (17% ranging from 13% to 21%) [19].

 After Surgery
Rutledge et al. studied 55 patients for 5 years in 
terms of pre- to post-surgery involvement with 
antidepressants, anxiolytics, psychotherapies, 
and overall psychiatric treatment along with 
changes in weight and metabolic function. There 
was evidence of decreased antidepressant use and 
of depression therapies following bariatric sur-
gery, but no improvements on rates of anxiolytic 
use and anxiety therapies or on overall psychiat-
ric treatment involvement despite metabolic 
improvements [20].

Lier et al. studying 127 patients (94 women) 
with mean BMI = 45.3 ± 5.2 kg/m2 and mean age 
41.3 ± 10.3 found a substantive improvement in 
the prevalence of psychiatric disorders after 
1 year of surgery (87 patients). Forty-eight per-
cent of patients had a psychiatric disorder prior to 
surgery, and 18% had a comorbid psychiatric dis-
order 1 year after [21].

Brandão et al. published a review of the literature 
from 2002 to 2014  in PubMed. They have found 
improvements in the areas of eating behaviors, body 
image, and mood disorders. They also stress that 
those improvements may be circumscribed to first 
years of the postoperative period [22].

In the aforementioned meta-analysis [19], the 
authors conclude that there is no solid informa-
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tion on the correlation of preoperative mental 
health status and postoperative weight loss and 
that there are moderate-quality evidences sup-
porting a link between bariatric surgeries and 
lower rates of depression postoperatively.

 Alcohol-Related Disorders

A serious problem seen not only in the now abun-
dant literature about the theme but also in the 
clinical setting is the appearance (or reappear-
ance) of problematic alcohol consumption after 
surgery. This aspect may trigger a variety of 

unwanted outcomes, among which the failure in 
losing weight is the less disturbing. Although of 
interest, we will not go through each of the alco-
hol use disorders consequences due to the format 
of the chapter.

In the DSM V [9], alcohol-related disorders 
encompass alcohol use disorder (AUD), alcohol 
intoxication, alcohol withdrawal, other alcohol- 
induced disorders, and unspecified alcohol- 
related disorder. Here we will focus on AUD. Its 
diagnostic criteria are shown in Table 31.3.

Weight loss surgery candidates may have a 
higher lifetime rate of AUD, up to 32.6% com-
pared to the 14.6% seen in the general population 

Table 31.3 Adapted DSM V diagnostic criteria for AUD

A.  A problematic pattern of alcohol use leading to clinically significant impairment or distress, as manifested by at 
least two of the following, occurring within a 12-month period:

  1.  Alcohol is often taken in larger amounts or over a longer period than was intended
  2.  There is a persistent desire or unsuccessful efforts to cut down or control alcohol use
  3.  A great deal of time is spent in activities necessary to obtain alcohol, use alcohol, or recover from its effects
  4.  Craving or a strong desire or urge to use alcohol
  5.  Recurrent alcohol use resulting in a failure to fulfill major role obligations at work, school, or home
  6.   Continued alcohol use despite having persistent or recurrent social or interpersonal problems caused or 

exacerbated by the effects of alcohol
  7.  Important social, occupational, or recreational activities are given up or reduced because of alcohol use
  8.  Recurrent alcohol use in situations in which it is physically hazardous
  9.   Alcohol use is continued despite knowledge of having a persistent or recurrent physical or psychological 

problem that is likely to have been caused or exacerbated by alcohol
  10. Tolerance, as defined by either of the following:
     (a) A need for markedly increased amounts of alcohol to achieve intoxication or desired effect
     (b) A markedly diminished effect with continued use of the same amount of alcohol
  11. Withdrawal, as manifested by either of the following:
     (a)  The characteristic withdrawal syndrome for alcohol (refer to Criteria A and B of the criteria set for alcohol 

withdrawal, pp. 499–500)
     (b)  Alcohol (or a closely related substance, such as a benzodiazepine) is taken to relieve or avoid withdrawal 

symptoms
Specify if:
In early remission: After full criteria for AUD were previously met, none of the criteria for AUD have been met for 
at least 3 months but for less than 12 months (with the exception that Criterion A4 may be met)
In sustained remission: After full criteria for AUD were previously met, none of the criteria for AUD have been met 
at any time during a period of 12 months or longer (with the exception that Criterion A4 may be met)
Specify if:
In a controlled environment: This additional specifier is used if the individual is in an environment where access to 
alcohol is restricted
Code based on current severity:
Note for ICD-10-CM codes: If any other alcohol- induced mental disorder is also present, do not use the codes below 
for alcohol use disorder. Instead, the comorbid alcohol use disorder is indicated in the fourth character of the 
alcohol-induced disorder code
Specify current severity:
305.00 (F 10.10) Mild: Presence of 2–3 symptoms
303.90 (F 10.20) Moderate: Presence of 4–5 symptoms
303.90 (F 10.20) Severe: Presence of 6 or more symptoms
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[23]. At the same time, bariatric surgeries, espe-
cially Roux-en-Y gastric bypass (RYGB), alter 
alcohol pharmacokinetics as shown by shorter 
interval to reach maximum blood concentration, 
higher maximum alcohol concentration, and lon-
ger time needed to eliminate alcohol [7, 23].

King et  al. studied 1945 participants (78% 
female) showed that preoperative prevalence of 
AUD is comparable to that present 1 year after 
the surgery (around 7.5%) but increased to 9.6% 
at 2 years of follow-up after surgery. The main 
isolated risk factors were male sex, younger age, 
smoking, regular alcohol consumption, recre-
ational drug use, lower interpersonal support, and 
undergoing RYGB [7].

Another study, with 11,115 patients, compar-
ing AUD-related outcomes in RYGB, vertical 
banded gastroplasty, and gastric banding showed 
that RYGB patients had twice the chance of being 
admitted to inpatient care for alcohol problems 
[24], a similar finding to those showed by 
Conason et al. in a prospective study in 2013 and 
by Mitchell et al. in 2015 [25, 26].

On the other hand, a retrospective study pub-
lished in 2015 on 659 charts found a low preva-
lence of alcohol use as well as a decrease in the 
rate of alcohol use during the postoperative 
period, independent of surgical technique, clini-
cal factors, and percentage of weight loss [27].

Padola et al. [28] stated that despite being at 
elevated risk, RYGB patients have a low preva-
lence of AUD. Risk factors for developing AUD 
were in line with those shown in the study by 
King et al. [7] but included symptoms of atten-
tion deficit and hyperactivity disorder.

Also in 2015, Steffen et al. published a review 
article in which they reinforce the previous find-
ings, i.e., RYGB is associated with higher risk of 
AUD in a minority of patients. The authors also 
discuss the possible mechanisms for that out-
come, i.e., pharmacokinetics changes and neuro-
biological pathways through dopamine release in 
the nucleus accumbens besides indicating the 
present lack of scientific robust basis for the con-
cept of addiction transfer [29]. In the same line, 
Blackburn et  al. discuss that the alterations in 
alcohol metabolism and pharmacokinetics are 
unlikely to be the sole or even the main mecha-

nism for AUD after bariatric surgeries, implying 
the central reward system as another candidate to 
cause AUD in bariatric patients [30].

 American Society for Metabolic 
and Bariatric Surgery Statement

ASMBS released a statement on alcohol use and 
bariatric surgery [31] whose conclusions are 
quoted below:

 1. “There is conflicting data as to the lifetime 
and current prevalence of AUD in patients 
seeking weight loss surgery. Most studies indi-
cate that AUD affects a minority of bariatric 
surgery patients. Studies have shown that 
some individuals are at risk for AUD relapse 
or for developing new-onset AUD after weight 
loss surgery, especially after gastric bypass. 
Other studies have shown a decrease in high- 
risk drinking after surgery compared with 
baseline.

 2. Based on current studies, gastric bypass sur-
gery is associated with:
• Accelerated alcohol absorption (shorter 

time to reach maximum concentration)
• Higher maximum alcohol concentration
• Longer time to eliminate alcohol in both 

men and women
• Increased risk for development of AUD

 3. The data are less clear regarding altered 
pharmacokinetics after sleeve gastrectomy 
and there is no evidence that alcohol absorp-
tion is affected by gastric banding. Given the 
recent increase in popularity of sleeve gas-
trectomy, more studies regarding the pharma-
cokinetic effects of sleeve gastrectomy on 
alcohol metabolism are needed.

 4. Patients undergoing bariatric surgery should 
be screened and educated regarding alcohol 
intake both before and after surgery. Active 
AUD is considered a contraindication by most 
programs and in published guidelines. 
Adequate screening, assessment, and preop-
erative preparation may help decrease the 
risk of AUD in bariatric surgery patients. A 
period of sustained abstinence with treatment 
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is indicated before weight loss surgery. A his-
tory of AUD is not a contraindication to bar-
iatric surgery. However, patients should be 
made aware that AUD can occur in the long 
term after bariatric surgery.”

We would like to finish this topic adding that 
special attention should be payed to adolescent 
bariatric patients. They represent a growing sub-
population undergoing bariatric surgeries who 
benefit from them in a comparable extent to that 
of adults [32] but may be at higher risks of AUD 
and other substance use disorders [33].

 Suicidality During 
the Postoperative Period

This is a still poorly understood aspect that seems 
to be linked to bariatric surgeries long-term 
outcome.

For instance, in a 2005 case series [34], the 
characteristics of three cases of suicide following 
bariatric surgery were presented. In each of the 
cases, there was recurrent MDD before and after 
surgery, which means that those patients were at 
a higher risk even before the surgical procedure. 
That point precludes a simple cause-effect 
assumption.

In 2007, Omalu et  al. found a substantial 
excess of death due to suicide and coronary heart 
disease in the long term. Interestingly, the authors 
acknowledge the absence of “psychological sup-
port” [35] but do not cite explicitly the higher 
psychiatric disorders prevalence in this popula-
tion which can be, at least to some extent, respon-
sible for such outcomes.

Tindle et al. found similar figures in 2010 in 
roughly the same period as the previous study 
and also acknowledge the lack of mental disorder 
proper treatment [8].

Adams et  al. in a control matched outcome 
study showed that after a mean follow-up of 
7.1 years, 171 deaths from specific disease were 
prevented per 10,000 operations. On the other 
hand, there was an increase of 35 non-disease- 
related deaths per 10,000 operations. That leads 
to a net prevention of 136 deaths. In the surgery 
group, deaths not caused by disease (these 

include suicide, accidents not related to drugs, 
poisonings of undetermined intent, and other 
deaths) were 1.58 times the number present at the 
control group. Unfortunately, the article does not 
cite if psychiatric treatment was offered for the 
bariatric surgery group [36].

Mitchell et al. stated that there is a higher than 
average rate of suicide among this group of 
patients [37]. The authors go through a number of 
possible explanatory causes such as persistence 
or recurrence of medical comorbidities after bar-
iatric surgery, disinhibition/impulsivity second-
ary to alcohol kinetic changes, hypoglycemia, 
and changes in pharmacokinetics among others.

Morgan and Ho describe 110 patients hospi-
talized due to deliberate self-harm during the 
postoperative period in a cohort of 12,062 
patients, studied for 5  years. Despite being a 
higher rate than in the general population, this 
number did not present an elevation of the preop-
erative rate of self-harm hospitalizations [38].

As a mean of comparison, we will show sui-
cide data of some psychiatric disorders [9].

• Bipolar disorder: 36% (15 times the risk of 
general population and 25% of all suicide 
attempts).

• Bipolar II disorder: 32%.
• Specific phobia: 1.6 times the risk of general 

population.
• OCD: 50% have suicidal thoughts; 25% 

attempt suicide.
• Anorexia nervosa: 12/100000 /year.
• Bulimia nervosa: elevated suicide risk.
• AUD: important contributor to suicide risk 

during severe intoxication and in the context 
of a temporary alcohol-induced depressive 
and bipolar disorder. There is an increased rate 
of suicidal behavior as well as of completed 
suicide among individuals with the disorder.

As one can see, the suicide risk of psychiatric 
disorders commonly found amidst the bariatric 
population is considerably high. It is possible that 
rates seen in the postoperative population repre-
sent at least partially undiagnosed and/or 
untreated psychiatric disorders and not simply a 
complication of bariatric surgeries or of weight 
loss.
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 Final Remarks

The topics in this chapter are extremely relevant 
and impacting in the management of a great part 
of bariatric patients. Despite that, the data avail-
able in bariatric surgery x psychiatric disorders is 
not always sufficient in terms of generalization. 
Moreover, we do not observe psychiatrist in most 
of the clinical and/or research groups.

It is our opinion that this is a situation that is 
bound to change as neurosciences evolve, as the 
knowledge of intimate relations – such as those 
between gut and brain – becomes more abundant 
and comprehensive and as literature keeps on 
bringing to light psychiatric issues rather than 
just psychological aspects.

It is important to remember that many of the 
psychiatric disorders have proper treatments with 
adequate effectiveness and well-established algo-
rithms. Not offering this option due to any reason 
is not adequate and is untenable.
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Nutritional Complications

Silvia Leite Faria, Orlando Pereira Faria, 
and Marina Kiyomi Ito

 Introduction

In recent years, tremendous advances have 
occurred in the technology and knowledge 
involving bariatric and metabolic surgeries 
resulting in increased safety of the procedures, 
benefits to the patients, and decrease in patient 
morbidity. Perioperative complications related to 
the surgical procedure have decreased, as demon-
strated in numerous studies [1].

However, postoperative complications, such 
as those related to nutritional deficiencies, due to 
hormonal changes and physiological functioning 
consequent to the surgeries, are well-known and, 
when detected, merit special attention [2, 3].

In addition, obese candidates for bariatric sur-
gery (BS) show signs and symptoms of nutri-
tional deficiency mainly caused by intake of 
high-calorie, low-nutrient food, use of “fad” 
diets, and use of medications which can interfere 
with vitamin status and the sense of satiety [4].

Indeed, anatomical changes that occur in BS 
result in lesser availability of nutrients, and the 
degree of nutritional deficiency will depend on 
the type of procedure performed [4].

Each type of procedure has its own nutritional 
consequences. We will focus on the most widely 
performed procedures, namely, adjusted gastric 
banding (AGB), duodenal switch (DS), sleeve 
gastrectomy (SG), and Roux-en-Y gastric bypass 
(RYGB), the last two of which are the most fre-
quently performed [5].

As shown in Fig. 32.1, specific sites exist for 
absorption of vitamins and minerals. Altering 
these sites creates greater risk in developing 
nutritional deficiency and provokes higher patient 
demands for these nutrients [6].

Our concerns go beyond these causes. Patients 
show signs of food intolerance after BS and pres-
ent low adherence to prescribed nutritional sup-
plements. Table  32.1 shows the main causes of 
nutritional deficiencies relative to the procedures 
selected.

With specific concern for the nutritional com-
plications of BS, we will divide them into two 
categories: short-term and long-term complica-
tions. The most common short-term complica-
tions are anemia and iron deficiency, thiamine 
deficiency (beriberi), vitamin B12 deficiency, 
dumping syndrome and/or hypoglycemia, and 
hair loss.

The long-term complications we will focus on 
are bone disease, lean tissue loss and sarcopenia, 
weight regain, and excessive weight loss [7–10].
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 Anemia and Iron Deficiency

Anemia is defined as low blood hemoglobin con-
centration and is seen as a serious worldwide 
public health problem. According to the World 
Health Organization (WHO), hemoglobin (Hb) 
levels <12 g/dL in women (<11 g/dL in pregnant 
women) and <13 g/dL in men are cutoff values 

for the diagnosis of anemia [11]. In adults, 
depleted iron stores, with absence of inflamma-
tion, are indicated by serum ferritin levels below 
15 ug/L [12]. Additionally, low transferrin satura-
tion is indicative of iron deficiency. These condi-
tions need to be treated adequately in order to 
minimize patient morbidity and optimize postop-
erative quality of life.

Although iron deficiency is the most common 
cause of anemia among bariatric patients, rele-
vant nutritional causes involve folic acid, vitamin 
A, and B12 deficiencies.

The most recent and representative data avail-
able in the literature concerns anemia in RYGB 
patients [13]. Weng et al. systematically reviewed 
the prevalence of anemia in over 5000 RYGB 
patients and observed that a mean proportion of 
12% of immediate postsurgical patients were 
anemic. This proportion grew even more over the 
long term, reaching postsurgical levels of 20.9%, 
25.9%, and 23.1% at 12, 24, and 36  months, 
respectively [12].

Iron deficiency may occur as a result from 
limited exposure of food to gastric acid, bypass 
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Fig. 32.1 Nutrients are absorbed in different places of the gastrointestinal tract

Table 32.1 The main causes for nutrient deficiencies 
among different bariatric procedures

Procedure Causes for possible deficiency
SG Low storage capacity, MVIa noncompliance 

and aversion to meat, low caloric intake
RYGB Bypass active site, hypochlorhydria, 

reduced contact with intrinsic factor, low 
caloric intake, and MVI noncompliance

AGB Vomiting, low caloric intake, low storage 
capacity, noncompliance MVI. Aversion to 
meat

BPD-DS Malabsorption, delayed mixing fat with bile 
and pancreatic enzymes

SG sleeve gastrectomy, RYGB Roux-en-Y gastric bypass, 
AGB adjustable gastric banding, BPD-DS biliopancreatic 
diversion with duodenal switch
aMVI multivitamin
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of the duodenum and proximal jejunum the 
region of optimal iron absorption, and reduction 
of meat intake.

Iron, ferritin, folic acid, and vitamin B12 status 
were also evaluated in the same study. Overall, 
ferritin levels were low in 7.9% of patients 
(pooled mean estimate of 87.6 ng/mL) following 
surgery, and it triplicated during the 36-month 
follow-up. Ferritin is the primary form of iron 
stores in the body, and, in the absence of inflam-
mation, blood ferritin concentration is positively 
correlated with the size of the total body iron 
stores. Therefore, low serum ferritin seems con-
sistent with depleted iron stores [11, 13]. The 
proportion of patients with low vitamin B12 also 
increased, from 2.3% to 6.5% at the 12-month 
follow-up, and continued until 36  months. In 
contrast, the proportion of patients with iron and 
folate deficiency did not change during the fol-
low- up period [13]. As the absorption of folate 
occurs throughout the small intestine, whereas 
vitamin B12 absorption depends on the appropri-
ate intrinsic factor and acid secretion in the stom-
ach, RYGB patients may absorb less vitamin B12 
due to insufficient levels of these two elements 
[14]. Accordingly, vitamin B12 deficiency, rather 
than folate, seems to better explain long-term 
iron deficiency anemia in those patients.

It is important to recognize that many preop-
erative patients are reported to be deficient in 
iron, folic acid, and vitamin B12 [15]. The mecha-
nism that explains obesity-related anemia and 
vitamin A deficiency is the fact that inflamma-
tion, due to high adiposity and vitamin A defi-
ciency, increases hepatic hepcidin production, 
which is a key regulator of iron homeostasis in 
the circulatory system. Increased hepcidin pro-
duction blocks iron release from enterocytes and 
macrophages, thereby impairing iron homeosta-
sis in obese individuals. The improvement in iron 
absorption after weight loss and decreased 
inflammation and higher hepcidin levels was ele-
gantly shown in laparoscopic sleeve gastrectomy 
(LSG) patients monitored during 6 months post-
surgery [16].

Similar to other essential nutrients, iron, 
folate, and vitamin B12 status and hematological 
parameters, such as hemoglobin, serum iron sta-

tus, and ferritin, must be monitored in all bariat-
ric patients to detect signs of nutritional deficiency 
anemia. Laboratory values must be observed 
considering age, gender, and, if relevant, stage of 
gestation. Long-term annual checkups are neces-
sary because deficiencies were reported in 
patients 10 years after surgery [17].

Routine oral multivitamin/mineral supplemen-
tation of post-bariatric patients is necessary, 
although it is not sufficient to prevent iron defi-
ciency in menstruating women. Indefinite long- 
term daily oral iron supplementation is necessary 
to prevent the development of iron deficiency in 
the majority of menstruating women. Iron defi-
ciency should be treated. Daily supplementation of 
oral ferrous sulfate, ferrous fumarate, or ferrous 
gluconate to provide up to 150–200 mg of elemen-
tal iron and 1000 ug of vitamin B12 is recom-
mended. Vitamin C may be added to improve iron 
absorption. Ferrous sulfates tend to present gastro-
intestinal effects (constipation), whereas other for-
mulations seem to be better tolerated. Iron tablets 
can cause local irritation and erosion of gastric 
mucosa; a liquid preparation may be more appro-
priate. Lower doses reduce common gastrointesti-
nal side effects. In case of oral iron intolerance, 
noncompliance or severe deficiency and with ane-
mia present, intravenous infusion, with ferric glu-
conate or sucrose, may be necessary [18, 19].

 Thiamine Deficiency

Thiamine deficiency, also recognized as beriberi, 
can occur in all bariatric procedures.

Thiamine is a water soluble vitamin absorbed 
in the proximal jejunum with support of an active 
transport system. Thiamine reserves in the body 
amount to only 30  mg and are depleted in as 
quickly as 20 days. Thiamine deficiency can cause 
devastating consequences, such as Wernicke 
encephalopathy and Korsakoff psychosis [2].

One of the causes for thiamine deficiency is 
related to decreased caloric ingestion. Besides that, 
more than 3 weeks of restrictive diet without thia-
mine supplementation, along with frequent vomit-
ing, can lead to deficiency. Because it is primarily 
absorbed in the duodenum and proximal jejunum, 
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RYGB and BPD-DS patients are at increased risk 
for developing thiamine deficiency [2, 6, 19].

Thiamine is required for normal carbohydrate 
metabolism. Refeeding a malnourished patient 
with carbohydrate foodstuff can precipitate thia-
mine deficiency [20]. Intravenous glucose admin-
istration is a risk factor for triggering acute 
symptomatic vitamin B deficiency, leading to 
interruption of the citric acid cycle and lactate 
acidosis. Hence, prophylactic administration of 
thiamine 100 mg IV is recommended when start-
ing intravenous fluids in high-risk patients [21].

The prevalence of thiamine deficiency among 
patients who adhere to multivitamin supplemen-
tation is lower than those who do not [20].

Thiamine deficiency is also common among 
bariatric candidates; the prevalence is between 
15.5% and 33%, being higher among females [22].

The American Society for Metabolic and 
Bariatric Surgery (ASMBS) guidelines recom-
mend that post-op RYGB patients take 3 mg of 
thiamine daily to prevent deficiency [7].

Thiamine deficiency is diagnosed based on 
signs and symptoms, along with serum thiamine 
levels, using an erythrocyte transketolase activity 
assay [7, 18, 22].

Any suspicion of this deficiency should be 
quickly treated, as its consequences can be irre-
versible. Sometimes, its signs and symptoms are 
quite common, so healthcare professionals 
should be aware and trained to diagnose and treat 
any clinical symptoms. It is better to overdose 
than to allow grave consequences to appear.

The early symptoms are neuritis, neuropa-
thy  – especially in the lower extremities  – and 
muscle pain with atrophy and paraplegia. If not 
quickly recognized, it can lead to a cerebral beri-
beri. This attacks the central nervous system and 
the spinal cord and results in Wernicke-Korsakoff 
syndrome. Ataxia and oculomotor problems are 
further symptoms. If treated early, the prognosis 
of beriberi is positive, but mortality still ranges 
between 10% and 20%. Besides that, complete 
remission is rare as cognitive changes are not 
reversible in most cases [22].

Clinical manifestations of thiamine deficiency 
include Wernicke encephalopathy, peripheral 
neuropathies, nystagmus, and ocular palsies [22].

In order to prevent acute Wernicke encepha-
lopathy, a daily prophylactic oral dose of 
25–50 mg, in addition to multivitamins, starting 
as early as 6 weeks after surgery, might be rec-
ommended for malnourished patients [2, 6, 22].

Early symptoms of neuropathy can be treated 
with 20–30 mg oral doses of thiamine until symp-
toms disappear. For more advanced symptoms and 
for patients with protractile vomiting, 100  mg of 
thiamine parenterally for 5–7 days is recommended, 
followed by oral doses of 50 mg daily until complete 
recovery. During thiamine supplementation treat-
ment, additional supplementation with specifically 
the B group or other vitamins is important [2, 6, 22].

 B12

The incidence of vitamin B12 deficiency may 
range from 26% to 70% [23–25]. RYGB is the 
procedure with higher levels of B12 deficiency. 
Among patients seeking bariatric surgery, the 
vitamin B12 assays that are currently used to diag-
nose clinical vitamin deficiency may reach a fail-
ure rate of 22–35%, and clinicians may not 
recognize this deficiency [25].

The American Academy of Family Physicians 
recommended a daily prophylactic dose of 
1000  mcg to be used among post-bariatric 
patients. Vitamin B12 can be administered, either 
orally or sublingually, and is used to prevent nutri-
tional deficiencies. Intramuscularly or parenter-
ally, high doses, such as 1000 mcg or 3000 mcg, 
should be used in the case of deficiency or even as 
a preventive action before surgery.

Megaloblastic anemia is the disease that can 
occur among patients with chronic B12 deficiency. 
But prior to this anemia, patients usually present 
some of the following signs and symptoms, 
ataxia, optic atrophy, memory loss, mental status 
change, myeloneuropathy, megaloblastic anemia, 
and thrombocytopenia, but in most cases they are 
asymptomatic.

B12 blood levels below 400 pg/dL are accepted 
as indicators of possible deficiency of this vita-
min. Levels below 100 pg/dL show a serious defi-
ciency and should be treated with IM or IV 
supplementations [2, 6, 7, 19].
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 Dumping Syndrome 
and Hypoglycemia

Dumping syndrome (DS) is classified as either 
early or late. Its diagnosis can be facilitated by 
using Sigstad’s scoring system. Points are given 
for each symptom experienced. A score over 
seven is indicative of dumping. A score of less 
than 4 suggests a different diagnosis [26].

Early DS occurs from 30 to 60 minutes after 
eating and includes symptoms of bloating, diar-
rhea, nausea, and lightheadedness. It occurs due 
to undigested calorie-dense liquids or solids 
which provoke hyperosmolarity of the intestinal 
content causing fluid to be drawn into the intesti-
nal lumen leading to intestinal distention, fluid 
sequestration, decreased intravascular volume, 
and hypotension. Patients should be instructed to 
recognize the signs and symptoms and avoid 
high-calorie liquids and solids. Early DS is more 
frequent among RYGB patients. In general, 
20–50% of all gastric surgery patients experience 
some of the symptoms of DS after their opera-
tion. Among RYGB patients, the incidence is 
75% [26].

Postprandial DS, called hyperinsulinemic 
hypoglycemia, is a complication related to non- 
banding procedures. Symptoms can occur from 1 
to 3 hours after meals, particularly meals rich in 
carbohydrates. In severe situations, DS may 
cause protein-wasting malnutrition. Studies from 
Salehi et al. reported evidence for the role of the 
incretin hormone glucagon-like peptide-1 (GLP- 
1) as a critical contributor to the inappropriate 
insulin secretion in this syndrome [27, 28].

Hypoglycemic symptoms can be broadly clas-
sified as autonomic (e.g., palpitations, lighthead-
edness, sweating) or neuroglycopenic (e.g., 
confusion, decreased attentiveness, seizure, loss 
of consciousness). More severe hypoglycemia 
associated with neuroglycopenia is rare, but can 
occur from 1 to 3 years post-RYGB [28].

Therapeutic approaches to post-hypoglycemia 
include diet and medication.

Dietary changes are the first-line treatment for 
DS. Patients should be advised to eat smaller and 
more frequent meals (about six per day). Patients 
should save fluids for after meals, separating their 

intake of “dry” from “wet” nutrients by more 
than 1  hour (because liquids accelerate gastric 
transit), lying down after meals, decreasing their 
carbohydrate intake, and preferentially eating 
complex carbohydrates rather than simple ones. 
Alcohol, coffee, and beverages with caffeine 
should be avoided. Patients may feel worse with 
milk and dairy products, so eliminating them has 
been helpful for many patients. Meals should be 
composed of carbohydrates (low-glycemic 
index), lipids, proteins, and fibers (mixed meals). 
Adding soluble fiber before or during the meals 
can help to slow the pace of the food through the 
gastrointestinal tract. Avoidance of sweets and 
simple carbohydrates is an essential element of 
the bariatric diet used to sidestep DS symptoms. 
Table 32.2 shows some important recommenda-
tion. To include fiber supplementation with meals 
to diminish the pace of food in the gastrointesti-
nal tract is a good strategy (guar gum, glucoman-
nan, and pectin, doses of 500 mg of each).

If the dietetic intervention fails to cure these 
events, medications should be used for improve-
ment. As a parallel treatment, physicians can use 
acarbose, octreotide, and diazoxide [26].

Very low levels of glucose should be treated 
with glucose infusion [28].

 Hair Loss

Hair loss can seriously impact the lives of indi-
viduals and may lead to anxiety, low self-esteem, 
psychosocial problems, and depression. As a 

Table 32.2 Nutritional management of dumping syn-
drome (DS)

Dietary recommendations to prevent reactive 
hypoglycemia
Include Avoid Example
Mixed meals High- 

carbohydrate 
meals

Bagel with 
jelly
Fruit salad

Artificial 
sweeteners

Simple sugars Soda, juice, 
candy, cake

Soluble fiber Caffeine 
(adrenaline)

Tea, coffee, 
Coke®

Three meals, plus 
up to three snacks

Alcohol Wine, beer
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consequence, hair loss can be a stress factor for 
this population [29].

Hair loss among bariatric patients can occur 
within 3 months postsurgery. In most cases, hair 
loss occurring between 3 and 6 months postsur-
gery is related to rapid weight loss and low 
caloric intake. After 6 months, it can be related 
to nutritional deficiencies. Actually, patients 
with 6 months or more of surgery are supposed 
to adhere to vitamin, mineral, and protein 
supplements.

The causes for hair loss can also be related to 
age, sex, disease, and genetic factors. It is there-
fore important to investigate indications of any 
current illness, recent illnesses, autoimmune dis-
eases, family history of hair loss, food intake, 
medications, as well as the use of cosmetics 
harmful to the hair [29, 30].

Hair follicles have two stages: the anagen (hair 
growth) stage and the telogen (inactive) phase. All 
hairs begin their cycle in the anagen phase, grow 
for a period of time, and move into the telogen 
phase, which lasts about 100–120 days. Then the 
hair falls out. This process, if accelerated, is called 
telogen effluvium, which is the cause of hair loss 
in bariatric patients [31, 32].

The causes for telogen effluvium are drugs, 
surgery, fever, childbirth, and diseases related 
to the thyroid, such as hyper- and hypothy-
roidism, rapid weight loss, anorexia, low pro-
tein intake, iron and zinc deficiency, and 
toxicity of heavy metals [29, 30, 33]. Among 
bariatric surgery patients, telogen effluvium 
may be associated with those patients not 
adhering to the supplement program or who 
have rapid weight loss, have difficulty in feed-
ing themselves, or have poor dietary habits or 
food intolerances, especially with protein 
sources [33].

Hair loss after bariatric surgery often occurs 
between the third and sixth months after surgery 
and can last between 6 and 12 months or more. In 
the first 6 months, this framework can be reversed 
without intervention, although there is no consen-
sus on treatment for these cases [23]. After 
6  months postsurgery, nutritional causes are 
involved in hair loss [33]. In both cases, there is no 
harm to the follicle, so the hair can grow back [34].

The nutrients possibly related to hair loss are 
protein, iron, zinc, essential fatty acids, vitamin 
B12, and biotin.

In order to prevent excessive hair loss, patients 
should be advised to increase protein intake (>60 
grams per day) and also to adhere to vitamin and 
mineral supplementation [35]. Protein-energy 
deficiency is associated with increased hair loss 
[30, 33]. A protein deficiency can manifest itself 
through the reduction of hepatic proteins, includ-
ing albumin, loss of muscle mass, asthenia, and 
alopecia [31].

It is believed that a reduction in the availabil-
ity of protein can cause thinning of the hair, dif-
ficulty in the normal growth process, and diffuse 
alopecia. In relation to essential amino acids, 
their deficiency can affect growth and differentia-
tion of hair, since they compose 27% of the pro-
tein content of hair [31]. Among all essential 
amino acids, a deficiency of L-lysine, in particu-
lar, can contribute to hair loss, while full-body 
supplies of L-lysine improve hair growth after 
periods of decline and improve the levels of iron 
in the body. Its bioavailable form is primarily 
found in fish, meat, and eggs, and a decrease in 
consumption of these foods may cause a negative 
balance of this amino acid affecting hair growth 
[32]. Thus, a supplementation of 1.5–2  g of 
L-lysine is recommended [33].

Iron deficiency is more prevalent among those 
who are in a fertile age, and serum ferritin levels 
below 40 μg are strongly associated with hair loss 
[33, 36]. Kantor related low concentrations of 
serum ferritin and hemoglobin with hair loss [37].

Observations have been made in treatments of 
telogen effluvium that a significant number of 
people respond well when treated with iron. In 
one study, which correlated low serum ferritin 
with hair loss among women, treatment for 
6 months with daily supplementation of 72 mg of 
iron and 1.5 g of L-lysine decreased the percent-
age of hairs in the telogen phase, as well as the 
hair loss by 39% and increased levels of serum 
ferritin [32]. Iron supplementation recommended 
for patients with hair loss is 320 mg of ferrous 
fumarate or gluconate or 65 mg of elemental iron 
twice a day, with a volume of approximately 25% 
ingested being absorbed [19, 38]. For bariatric 
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patients who are refractory to iron supplementa-
tion or have anemia related to iron deficiency or 
hemoglobin serum levels below 11 g/dL, paren-
teral infusion must be prescribed [39]. A study 
from Tovar-Ruiz found an association between a 
variable consisting in the addition of zinc and 
iron showing a significant association with hair 
loss. Sometimes, even with normal ranges, 
patients complain about hair loss. So, the variable 
addition (zinc + iron) is a good predictor of hair 
loss. Patients should keep the addition above 115 
to improve hair loss. Zinc supplementation is 
necessary in some cases [40].

A biotin deficiency can cause depigmentation 
of hair and diffuse alopecia, since this vitamin 
plays an important role in the development of the 
hair follicles [31, 33]. It is believed that supple-
mentation of biotin can prevent hair loss or accel-
erate growth after a period of decline [33].

Daily 1–2  mg doses of biotin may provide 
clinical support to cases of hair loss not respond-
ing to other types of treatment. Daily consump-
tion of 2.5 mg was established as a safe limit of 
intake of biotin, the NOAEL (no- observed- 
adverse-effect level) [41].

Some studies have observed deficiency of essen-
tial fatty acids (linoleic and linolenic acids) in 
RYGB patients since this procedure alters the diges-
tion of lipids and, as a consequence, the uptake of 
essential fatty acids [7, 40]. In relation to BPD and 
DS, only 28% of ingested fat is absorbed [41].

In patients with biotin deficiency, levels of lin-
oleic acid lower than normal were observed, and, 
in cases of functional deficiency of biotin (due to 
lack of carboxylase) associated with hair loss, 
supplementation with polyunsaturated fatty acids 
may reduce this symptom, suggesting that hair 
loss can be caused by impairment of elongation 
of polyunsaturated fatty acids as a result of 
reduced activity of acetyl-CoA carboxylase [41].

For post-RYGB patients, among other sup-
plements for hair loss, flaxseed oil (15 ml) is rec-
ommended. 15 The recommended dose of 
linolenic acid is from 0.5% to 1.0% of energy 
intake, and linoleic acid is from 3% to 5%. These 
amounts can be reached with two capsules of 1 g 
of linseed oil and 2.5 tablespoons of extra-virgin 
olive oil [19].

Brolin et  al. observed deficiency of vitamin 
B12 in patients 6  months after bariatric surgery, 
becoming more common after a year [7]. As a 
consequence, it may alter the pigmentation of 
hair, which can be reversed with its supplementa-
tion. 16 The supplementation of vitamin B12 must 
be at least from 350 to 500  μg/day orally, but 
there may arise the need of a monthly intramus-
cular supplement of 1000 μg [10, 22].

In conclusion, patients who present hair loss 
after 6 months of surgery should follow this rec-
ommendation daily: consume 80 g of protein for 
women and 100  g for men (with sufficient 
amounts of L-lysine from 1.5 to 2  g/day); add 
15 ml of flaxseed oil, 2.5 g of biotin, one or two 
multivitamin capsules with minerals (thus pro-
viding 200% of DRIs), 350–500 μg/day of B12, 
and 320 mg of ferrous fumarate or gluconate or 
65 mg of elemental iron twice daily.

 Metabolic Bone Disease

Metabolic bone disease is a long-term adverse 
consequence of BS and is the most common 
among patients who have undergone RYGB and 
BPD [7]. Bone mineral metabolism is adversely 
affected by bariatric procedures, and the underly-
ing mechanism is still not well-understood, but is 
largely related to changes in the absorption site, 
physiological and hormonal changes, low intake 
of calcium-rich foods, and low intake and absorp-
tion of vitamin D.  These factors may lead the 
patient to an onset of secondary hyperparathy-
roidism and subsequently to osteopenia and 
osteoporosis. A comprehensive review on the 
multifactorial nature of the metabolic bone dis-
ease in post-bariatric patients has been published 
[43, 44], but evidences are still limited due to 
lack of robust longitudinal studies with evalua-
tion of the various parameters involved in bone 
metabolism of this population. In addition, tech-
nical difficulties need to be considered. Bone 
mass and bone mineral density are often mea-
sured by dual-energy X-ray absorptiometry 
(DXA). Recent studies have pointed to the limita-
tions of this method, in which the accuracy of 
DXA measurements is jeopardized by excess 
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adiposity and the changes in body composition 
during the rapid weight loss following surgery, 
when compared to computed tomography (CT) 
measurements [44, 45]. Overall, current indica-
tors of nutritional state concerning bone mineral 
density among BS patients include serum cal-
cium, ionic calcium, serum phosphorus, alkaline 
phosphatase, 25-hydroxy-D-vitamin, parathyroid 
hormone (PTH), and bone density. At present, 
calcium and vitamin D supplements are recom-
mended to all post-bariatric patients, with daily 
intake of 1700–2100 mg of elemental calcium in 
the form of calcium citrate and 800 International 
Units (IU) of vitamin D for patients who under-
went RYGB and AGB [7, 19]. For the BPD 
patients, the recommendation is a daily intake of 
2000  mg of elemental calcium and 2000  IU of 
vitamin D [45]. In treating vitamin D deficiency, 
a weekly dose of 50,000  IU of ergocalciferol 
taken orally for 8 weeks is suggested and can be 
administered in the preoperative period or imme-
diately after surgery [7]. To note, suggested sup-
plementation doses are currently highly 
discrepant and robust evidences are lacking con-
cerning this nutritional treatment. Studies evalu-
ating the efficacy of osteoporosis treatment in 
post-bariatric patients are still awaited [44, 47].

 Loss of Fat-Free Mass (Lean Tissue 
Mass) and Sarcopenia

The loss of lean tissue mass during postoperative 
rapid weight loss and the risks it poses to the 
patient’s health have been recognized as serious 
nutrition problems of bariatric patients. Although 
the intention of weight loss after BS is in the 
reduction of excess fat mass, fat-free mass (FFM) 
is also inevitably lost in the process. The loss of 
body weight following the surgery is due to not 
only loss of fat mass but also loss of FFM, com-
posed of bone and lean tissue mass (LTM). FFM 
is important for the maintenance of body tem-
perature, the skeletal integrity, and functionality 
of the body throughout life.

Factors that contribute to FFM loss in the post-
bariatric period include the type of surgery, caloric 
restriction, low protein intake, inactivity, and 

magnitude of weight loss. Excessive loss of LTM 
is an adverse effect of weight loss because it has 
been associated with lower risk of post-BS mor-
tality and morbidity [19, 48]. In addition, the rest-
ing energy expenditure and diet-induced energy 
expenditure seem to be directly associated with 
the amount of LTM, and therefore, its excessive 
loss may be one of the factors associated with late 
weight regain among post-BS patients [49].

Historically, the general understanding was 
that 25% of weight lost after BS would be in the 
form of FFM, but this rule has been criticized due 
to a lack of evidence. According to the systematic 
review by CHASTON et  al. on weight loss- 
induced changes in FFM, BPD and RYGB 
patients lost significantly more FFM than the 
laparoscopic adjustable gastric banding (LAGB) 
patients. The median loss of FFM in relation to 
the lost weight was 25.6, 31.3, and 17.5% of fol-
lowing BPD, RYGB, and LAGB, respectively 
[49]. The follow-up period of these studies varied 
from 4 to 104 weeks (or 26 months). By prospec-
tively comparing RYGB and SG patients, Moize 
et  al. (2013) found no difference in LTM loss 
between these two types of surgeries, while 
according to our recent systematic review, the 
LTM loss of RYGB and SG patients ranged from 
10.5% to 27.7% [51, 52].

The 2013 nutritional support guidelines for 
perioperative care of bariatric surgery patients 
[19] state that protein intake should be individu-
alized and assessed and defined based on gender, 
age, and weight of the patient. It also recom-
mends a minimal daily protein intake of 60 g and 
up to 1.5 g/kg ideal body weight per day (Grade 
D level of evidence). The main objective of suf-
ficient protein intake is to avoid excessive loss of 
LTM.  Despite these recommendations, postsur-
gery patients tend to ingest low amounts of food, 
especially protein foods, as a consequence of 
their reduced stomach capacity and changes in 
gut hormone that induce early satiety [19]. In a 
recent systematic review, most of the patients did 
not ingest the recommended 60 g/day of protein 
[52]. Of special note is the intolerance to certain 
foods, especially red meat and other fibrous pro-
tein sources [53], which contribute to low protein 
intake. Blood albumin and prealbumin levels 
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have been used to monitor protein deficiencies, 
but these are not reliable markers for long-term 
protein status in this group of patients [52]. Low 
serum prealbumin levels shortly after the surgery 
have been reported to be consistent only with 
recent dietary energy and protein intake [54].

Thus, careful evaluation of body composition 
and daily protein ingestion is necessary to moni-
tor protein status, and for those with low intake, 
supplementation may be necessary to avoid pro-
tein depletion states. Supplements, such as whey 
protein, soy isolate, and essential amino acids 
[55], have been used for the purpose.

Sarcopenia is defined as the presence of both 
low muscle mass and low muscle strength or per-
formance (European Working Group on 
Sarcopenia in Older People – EWGSOP), and it 
has been applied to studies of frailty in the elderly 
population [55]. Sarcopenic obesity is becoming 
an important issue among the aging bariatric 
population. Long-term loss of LTM with 
decreased handgrip strength and a trend toward 
fat mass regain in a group of RYGB patients 
(9 years postsurgery) was observed [57]. The evi-
dence accumulated to date indicates that avoiding 
the loss of LTM after BS is very important for the 
long-term success of the surgery. In order to 
maintain sufficient LTM and strength in the long 
run, an adequate protein intake, with or without 
the use of supplements, such as whey protein and 
physical activity, in order to maintain muscle 
strength, should be recommended, based on evi-
dence still to be established. Information on 
dietary intake and patterns as well as physical 
activities are behavioral factors that are difficult 
to measure with accuracy. High-quality observa-
tional and interventional studies are necessary to 
better define these parameters.

 Weight Regain

Bariatric surgery is the most efficient available 
tool to treat severe obesity. Most patients submit-
ted to bariatric procedures achieve the objective, 
which is established as, besides the loss of at least 
50% of excess weight (%EWL), the control of 
comorbidities and the achievement of a better 

quality of life. Recent cohort studies have shown 
that patients submitted to RYGB (10 years post-
surgery) lost much more weight than nonsurgical 
matches and were able to sustain most of this 
weight in the long term [57]. RYGB weight loss 
was higher than SG and AGB weight loss. Recent 
data from the Longitudinal Assessment of 
Bariatric Surgery (LABS-2), the largest nonran-
domized intervention trial study, showed that 
total body weight change was maximal at 1 year 
in the three subgroups (−38  ±  7% for RYGB, 
−26  ±  10% for vertical banded gastroplasty 
(VBG), and −13.2 ± 13% for AGB) [58].

However, as obesity is a chronic and serious 
disease, in some cases we can have recidivism of 
obesity after bariatric surgery. Long-term studies 
have demonstrated that weight regain (WR) 
occurs over time depending upon the procedure 
performed and duration of time since surgery. 
The SOS (Swish Obesity Study) study showed 
that at 10 years, patients who underwent RYGB 
experienced a mean WR of 12% total body 
weight. This translates into regaining 34% for the 
maximal weight loss at 1 year. It is observed that 
20–50% of patients regain weight about 2 years 
after the procedure [59]. Behavioral, hormonal, 
and other factors related to the surgical procedure 
have been suggested as possible causes of this 
phenomenon. The importance is related to the 
risk of recurrence of all comorbidities that obe-
sity favors, which in turn increases patient health 
risks and a return to a poor quality of life related 
to severe obesity [59].

Despite the occurrence of WR, there is no 
consensus about what is actually classified as a 
significant WR after bariatric surgery. Regaining 
more than 10% of the minimum weight has being 
used as one of the criteria [59].

In some ways weight regain may be physio-
logical; two or more years after the bariatric pro-
cedure, patients continue suffering the influence 
of the environment and the influence of the aging 
which favors the increase of body fat.

Ongoing studies are trying to elucidate possi-
ble causes for WR. Until now it can be related to 
snacking-eating habit; low ingestion of protein 
and high ingestion of carbohydrates; increased 
fat mass and decreased fat-free mass (which 
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leads to low basal metabolic rate); lower produc-
tion of incretins, such as GLP1 and PYY; micro-
biota changes; lower diet-induced thermogenesis 
among this WR population; sedentary habits; 
excessive alcohol intake; and also the use of med-
ications which lead to weight gain such as antide-
pressants, antidiabetics, mood stabilizers, and 
glucocorticoids, among others.

The treatment depends on the quantity of 
weight regained. In most cases, a low-calorie 
diet, rich in fiber and protein, excluding alcohol 
use and high glycemic meals, can help patients 
lose 5–10% of the weight regained. Figure 32.2 
shows a food pyramid adapted for bariatric popu-
lation, where 50% of total caloric intake should 
come from protein sources. Patients may be 
advised to increase low-glycemic index carbohy-
drates (three portions), fruits and vegetables, low 
quantity of mono- and polyunsaturated lipids, 
multivitamin and minerals daily, and a protein 
supplementation to achieve recommendations. 
High-protein meals lead to better satiety and 

higher levels of GLP1 and PYY, incretins related 
to satiety.

For WR patients who need to lose more than 
10% of their weight, a concomitant use of medi-
cation can be prescribed.

Mechanisms related to WR among bariatric 
population are under investigation. Prospective 
studies should be done trying to create better strate-
gies to avoid the recidivism of obesity and its 
comorbidities and also to treat WR in a long term.

 Excessive Weight Loss

One undesirable side effect that is not well- 
established is excessive weight loss following 
bariatric surgery [57]. A very small number of 
patients become underweight (BMI <18.5 
according to NIH criteria) and develop protein 
malnutrition. In most cases, besides the excessive 
weight loss, patients present sarcopenia and 
nutritional deficiencies.

PROTEIN

GRAINS VEGETABLE FRUIT OILS MILK MEAT

VITAMINS

Fig. 32.2 Pyramid adapted for bariatric population
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Protein calorie malnutrition has been reported 
following BPD-DS and RYGB long-limb (a dis-
tal gastric bypass performed in obese patients to 
induce greater amount of weight loss) proce-
dures. The protein calorie malnutrition in these 
cases is thought to be secondary to severe malnu-
trition absorption and can result in total paren-
teral nutrition dependency [59].

Akusoba et al. suggested a clinical algorithm for 
excessive weight loss following RYGB. It is based 
on an initial evaluation of whether or not there is a 
gastrojejunal stricture or ulcer. If this complication 
is present, we should treat it. If it is not, the patient 
should be evaluated by the multidisciplinary team 
(made up of a primary care physician, dietician, 
gastroenterologist, psychologist, and nursing staff). 
These professionals should evaluate the occurrence 
of psychiatric disorders and adequate caloric 
intake. Each complication should be adequately 
treated. If no improvement is seen, a laparoscopic 
gastrostomy tube should be inserted into the rem-
nant stomach. If there is improvement, the RYGB 
can be reversed to normal anatomy. If not, other 
etiologies should be investigated.

A high-calorie diet should be used including 
high-frequency meals, high-protein supplements, 
calorie-dense food, and an adequate amount of 
vitamins and minerals (200% of RDI),

 Conclusion

The main objective of bariatric surgery is the 
improvement of the patient’s quality of life, 
which includes the prevention and management 
of possible complications, among which are 
nutritional complications.

Although these deficiencies occur after all 
types of procedures, many studies have been car-
ried out aiming to clarify how to manage nutri-
tional complications. From what we know, these 
nutritional complications are detectable, prevent-
able, and treatable. Healthcare professionals 
should be alerted about the signs and symptoms of 
these complications in order to diagnose and treat 
patients quickly.

Due to methodological limitations found in 
current literature, there is a need for well- 

designed observational and interventional stud-
ies that take into account the grave aspects and 
types of preoperative comorbidities and aim at 
fortifying a consensus related to the extent of 
postoperative supplementation. Such studies 
may provide findings that collaborate in the 
elaboration of future guidelines and the improve-
ment of patient care. These studies, along with 
the engagement of multidisciplinary teams, 
could help healthcare professionals lessen the 
occurrence of nutritional complications among 
this patient population.
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Eating Disorders

Debora Kinoshita Kussunoki

 Eating Disorders

Eating disorders (ED) are characterized by a per-
sistent disturbance of eating-related behavior and 
excessive distress or concern about body shape 
or weight [1]. The most commonly ED catego-
ries linked to current obesity and obesity surgery 
are binge eating disorder (BED) and bulimia ner-
vosa (BN). Night eating syndrome (NES) is not 
a distinct category but included as other speci-
fied feeding or eating disorders (OSFED) in the 
DSM-V [1] and known to be associated with 
overweight and obesity.

Although bariatric surgery candidates do not 
present anorexia nervosa (AN), it may appear at 
some point in life of the weight loss treatment- 
seeking patient. The diagnostic flux from one ED 
presentation to another occurs between AN and 
BN, and crossover BED and BN and between 
other OSFED has been reported [2].

Bariatric surgery candidates have a higher 
prevalence of eating disorders than the general 
population mainly binge eating disorder (BED) 
and bulimia nervosa (BN). Furthermore, the 
prevalence of lifetime obesity in ED cases is 
reported to be 28.8% (ranging from 5% in AN 
to 87% in BED) with an increase of threefold 
in lifetime obesity in ED patients over the last 
years [3].

We also included grazing, pica, and compen-
satory purging behaviors which may occur and 
affect the outcome of patients undergoing bariat-
ric surgery.

 Binge Eating Disorder

The most prevalent ED associated with obe-
sity and bariatric surgery was first defined by 
Stunkard in 1959 [4] as the consumption of 
an “enormous amount of food” in a relatively 
short period of time, and it was described as a 
“rapid consumption of a large amount of food 
in a  discrete period of time”, usually less than 
2 hours [1, 4].

Binge eating disorder (BED) was only recently 
included in DSM-V [1] as a category of ED; up 
until then it was classified as part of EDNOS 
(eating disorders not otherwise specified) among 
the pathologies needing further studies [1, 6].

BED diagnostic criteria include recurrent 
episodes of binge eating (BE), defined as eating 
in a discrete period of time (within 2 hours) an 
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amount of food that is definitely larger than most 
people would eat in a similar period of time under 
similar circumstances and must be accompanied 
by a sense of lack of control [1].

BE is also associated with at least three of 
these features: eating much more rapidly than 
normal, eating until feeling uncomfortably full, 
eating large amounts of food when not feeling 
physically hungry, and eating alone because of 
feeling embarrassed by how much one is eating 
and feeling disgusted with oneself, depressed, or 
very guilty afterward [1].

Other frequent psychopathological features 
among patients with BED are an overvaluation 
of shape and weight (in about 60% of patients 
with BED), constant polarization of thoughts on 
weight control, diet and binge avoidance, more 
atypical eating distribution along the day, and 
peculiar food choices [7].

The necessary frequency for the diagno-
sis of BE was reduced from twice a week for 
6 months in DSM-IV TR to at least once a week 
for 3 months [1, 6]. The impact of this modifi-
cation on the prevalence and lifetime prevalence 
of BED is unknown, although some studies have 
shown small statistical differences.

The literature shows that the relationship 
between obesity and mental disorders is strong, 
and bariatric candidates are more likely to have 
a psychiatric diagnosis, ED, and thereby BED, 
than the general population [8, 9]. Welch et  al. 
(2016) [2] also suggested a relationship between 
the extent of morbidity and comorbidity in BED 
and the presence of obesity.

Prevalence rates of BED vary widely accord-
ing to the population studied and the assessment 
method, ranging from 0.7% to 4% in community 
samples, 1–30% in patients seeking weight loss 
treatment (nonsurgical treatment), and 2–49% in 
bariatric candidates [10].

According to Marek et  al. (2014) [11], an 
additional 3,43% of bariatric surgery candidates 
met the diagnostic threshold for BED when using 
this new DSM-V criteria. Vinai et al. (2015) [13] 
found a total amount of 48,3% of the bariatric 
surgery candidates with BED per DSM-V crite-
ria. They also reported in a subsequent publica-
tion that psychological characteristics found in 

patients with BED following the DSM IV crite-
ria seem to be confirmed among BED patients 
diagnosed following DSM-V criteria and reas-
sure that the less restrictive diagnostic criteria are 
useful in identifying obese patients affected by 
severe psychopathology [14].

Bariatric candidates with BED have more 
axis I comorbidities than non-BED patients, 
mainly current mood disorder (27,3% vs 4,9%, 
p  =  0.002), lifetime history of mood (52,3% 
vs 23,0% p  =  0,003), current anxiety disorder 
(27,3 vs 8,2%, p = 0,0 [14]), and lifetime anxi-
ety disorder (36,4% vs 16,4%, p = 0.019). BED 
also was associated with greater symptoms of 
depression [15].

The impact of pre-existing BE on post- operative 
weight loss was the subject of studies with mixed 
results. Konttinen et  al. (2014) [16] found that 
pre-surgery eating behavior measured by the 
Three-Factor Eating Questionnaire was unrelated 
to subsequent weight changes, and Morseth et al. 
(2016) [17] found an even greater weight loss 
among patients with BE before the bariatric sur-
gery than the non-BE patients in a 5-year follow-
up of gastric bypass and duodenal switch.

There is still no consensus about prevalence 
of BED after bariatric surgery. Researches have 
used various methods and criteria to assess BED 
and BE after surgery and different lengths of 
follow- up, resulting in wide ranges of rates and 
noncomparable data. Some authors even suggest 
that BE may manifest itself as grazing after the 
bariatric surgery [18, 19].

 Binge Eating Treatment

The main goal of the treatment should be abstinence 
from BE and afterward weight loss. Although the 
body weight could influence the wellness percep-
tion and mood, an excessive restraint diet can trig-
ger more episodes of BE [20].

Behavioral interventions, psychotherapies 
as cognitive behavioral therapies (CBT), and 
pharmacological treatment are the options cur-
rently used, combined or not.

Antidepressants can be used for impulsiveness 
and eating but also for depressive and/or anxiety 
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symptoms presented by the patient. Fluoxetine, ser-
traline, fluvoxamine, and bupropion are shown to 
have positive effects on these cases. Topiramate and 
lamotrigine have shown some efficacy either [20].

Pretreatment eating behavior seems to be unre-
lated to subsequent weight changes in patients 
undergoing bariatric surgery [16].

 Bulimia Nervosa (BN)

BN is defined as frequent episodes of BE fol-
lowed by inappropriate compensatory behavior 
to avoid weight gain, such as self-induced vomit-
ing, excessive exercise, fasting, misuse of laxa-
tives or diuretics, or other medications [1].

The lifetime prevalence of BN among young 
females is 1–1,5% [1, 21], the frequency of life-
time BN among obese patients seeking bariatric 
surgery is 9,2% and current BN is of 3,6% [8]. 
The recent reduction of BE frequency for BN 
diagnosis in DSM-V might increase the lifetime 
prevalence from 1,2% to 1,6% [22].

Careful investigation of the underlying causes 
and cognitions relative to some behaviors after 
surgery, such as frequent diarrhea along with a 
dumping episode or vomiting caused by deliber-
ately rapid ingestion of large amounts of food, is 
required. Although they are behaviors commonly 
found after the surgery, it is convenient to rule out 
the possibility of a bulimic purging behavior. de 
Zwaan et al. (2010) [23] found 11,9% of patients 
report self-vomiting as a mean to control weight 
or shape.

We should also be alert to the intentional 
insulin or oral hypoglycemic drug omission as 
a form of weight control (diabulimia) in patients 
with diabetes [1, 24] even if the patient denies 
the behavior but presents poor glycemic control, 
recurrent episodes of ketoacidosis, and hypo-
glycemia secondary to intentional overdose and 
dietary manipulation [24].

In BN, further medical consequences are due 
to the mode and frequency of purging. Electrolyte 
and acid-base alterations can be associated 
with excessive vomiting or abuse of laxatives. 
Perimolysis, mucositis, cheilitis, and parotid 

gland enlargement can also be found in patients 
with intentional vomiting. Another possible com-
plication of laxative abuse is the cathartic colon 
syndrome. Abuse of diuretics may lead to meta-
bolic alkalosis and hypokalemia and, if severe, 
sometimes results in cardiac arrhythmias [25].

The treatment of BN involves nutritional reha-
bilitation with normalization of nutritional and 
eating habits, pharmacotherapy, and psychother-
apies. Cognitive behavioral therapy (CBT) is the 
most recommended intervention, and antidepres-
sants, particularly selective serotonin reuptake 
inhibitors, are the most effective drugs. Other 
pharmaceutical agents, including topiramate, 
oxcarbazepine, aripiprazole, and baclofen, have 
been reported to be effective for BN [20].

 Night Eating Syndrome

Night eating syndrome (NES) was first described 
by Stunkard in 1959 as combination of eating 
disorder, sleep disorder, and mood disorder char-
acterized by morning anorexia, evening hyper-
phagia, and insomnia [4].

Currently NES is part of the category “other 
specified feeding or eating disorder” in the 
DSM-V [1] described as recurrent episodes of 
night eating, manifested by eating after awaken-
ing from sleep or by excessive food consumption 
after the evening meal. There is awareness and 
recall of the eating. The morning anorexia crite-
rion is abandoned in this version of the DSM.

Some biological factors are suggested to con-
tribute or maintain the NES as a dissociation of 
the circadian control of eating. Studies involving 
melatonin, cortisol, insulin, and leptin showed 
a delay from 1 to 3 hours in the usual circadian 
rhythm of these hormones and a complete inver-
sion of the rhythm of glucose [26].

NES has been found in patients with type 2 dia-
betes mellitus and associated with poor glycemic 
control in these patients [27–29]. NES has also a 
positive correlation with BMI and mood disorders. 
Besides the fact that not every individual with NES 
is obese, the prevalence of NES is higher in obese 
population than in general population [28].
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NES has a point prevalence of 1% in the gen-
eral population, 6–14% in individuals seeking 
treatment related to obesity, and rates of NES 
vary from 2% to 31% in bariatric surgery can-
didates [10] depending on the diagnostic criteria 
and the time of assessment.

The presence of NES after bariatric surgery 
may impact negatively in weight loss mainte-
nance [28], but the literature is limited and shows 
mixed results. There is no clear evidence that 
NES prior to bariatric surgery is a negative pre-
dictor of weight loss.

Colles et al. (2008) [18] did not found asso-
ciation between the presence of NES prior to 
the surgical procedure to post-surgical NES and 
found that more than a half of post-operative NES 
cases had newly developed night eating after sur-
gery. Also, there was a reduction from 17,1% to 
7,8% in 12 months in a population submitted to 
laparoscopic adjustable gastric banding (LAGB) 
procedure.

Most of the studies for the treatment of NES 
suggest pharmacotherapy, mainly SSRIs, and 
particularly sertraline to be effective. There has 
also been reported use of escitalopram, topira-
mate, cognitive behavioral therapy, progressive 
muscle relaxation, and bright light treatment [28].

 Grazing

Although grazing, picking, nibbling, and snack 
eating have been increasingly described as simi-
lar maladaptive behaviors among post-surgi-
cal patients associated with less weight loss or 
weight regain, there is still a lack of consensus 
about the definition, course, and impact in bariat-
ric patients’ outcome after surgery.

Conceição et al. (2014) [30] suggested grazing 
to be defined as an eating behavior characterized 
by repetitive eating of small or modest amount 
of food in an unplanned manner and/or not in 
response to hunger/satiety sensations. Also, they 
proposed two subtypes: a compulsive subtype 
and a non-compulsive subtype, characterized by 
eating in a distracted way. Grazing should be dis-
tinguished from prescribed high- frequency meal 
diets, either for weight loss purposes or due to 

restriction of intake volume imposed by the bar-
iatric surgery.

Grazing is frequently found in different popu-
lations with rates of 91% in nonclinical samples 
[31], up to 89,8% in clinical samples [32], and 
up to 59,8% in bariatric population [33]. For this 
reason there is some doubt as to its non-regular 
eating behavior status, yet with considerable 
implications in a specific subgroup given that the 
unplanned pattern of eating could lead to an high 
caloric intake [30].

An overlap between grazing and BED has 
been described. Some authors found that among 
bariatric surgery candidates with BED some 
might develop graze eating after surgery (as 
many as 61% of these patients in the LAGB pop-
ulation) [18, 19].

Morseth et al. (2015) [17] questioned whether 
binge eating criteria should be re-evaluated for 
patients undergoing bariatric surgery since many 
of them keep reporting lack of control even 
when the amount of food is small [34] and many 
patients who reported BE before surgery resort 
to grazing [18]. More studies about grazing and 
correlate eating behaviors are needed.

 Pica and Pagophagia

The essential feature of pica is the eating of non-
nutritive nonfood substances on a persistent basis 
over a period of at least 1 month [1].

Some specific vitamin or mineral (e.g., iron, 
zinc) deficiencies have been reported, but no 
other abnormalities are found. The prevalence is 
unknown. The substances ingested might include 
paper, soil, ash, charcoal, or ice.

Pagophagia (ice eating) has been often associ-
ated with pregnancy and iron deficiency anemia 
and recently has been described in post- bariatric 
surgery patients [35].

Cases of pica are given attention after medical 
complication such as bezoar, intestinal perfora-
tions, infections, or poisoning [1]. Differential 
diagnosis should be done with some presenta-
tions of anorexia or bulimia nervosa including 
ingestion of tissue paper or cotton balls aiming 
appetite control.
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 Anorexia Nervosa and PSEAD

Although anorexia nervosa cannot be comorbid 
with obesity, it may be present at some point 
in the life of the patient seeking treatment for 
weight loss due to diagnostic flux between EDs 
or de novo appearance.

AN is characterized primarily by low weight 
below a minimally normal level for age, sex, 
developmental trajectory, and physical health, 
associated with intense fear of gaining weight 
and disturbance in the way which one’s body 
weight or shape is experienced and persistent 
lack of recognition of the seriousness of the cur-
rent low body weight [1]. The fear of becoming 
fat or weight gain may even increase as weight 
falls. There are two types of AN:

–  Restricting type: During the last 3  months, 
the individual has not engaged in recurrent 
episodes of binge eating or purging behavior. 
This subtype describes presentations in which 
weight loss is accomplished primarily through 
dieting, fasting, and/or excessive exercise [1].

–  B–inge eating/purging type: During the last 
3  months, the individual has engaged in 
recurrent episodes of binge eating or purg-
ing behavior [1].

Marino et al. (2012) [36] reviewed cases of 
ED after bariatric surgery and found a small 
but growing number of articles and case stud-
ies, and Conceição et al. (2013) [37] described 
a series of 12 patients hospitalized with AN, 
BN, and post- surgical eating avoidance disorder 
(PSEAD) [38].

Segal et al. (2004) [38] observed a combina-
tion of various phobic-like anxiety symptoms 
associated with altered eating behaviors in a post- 
surgical population and proposed the criteria for 
a post-surgical eating disorder shown below.

 PSEAD Proposed Criteria

 1. Previous history of obesity grade III followed 
by bariatric surgery over the last 2 years

 2. Higher speed of weight loss than the average 
usually associated with the technique 
employed, upon the diagnosis of change in 
eating behavior

 3. Use of purgative strategies or excessive 
reduction of food intake, related or not to 
binge eating episode

 4. Reaction of extreme anxiety and/or an active 
negative attitude when nutritional correction 
is introduced, which can be evidenced by:
 a. Intense fear of going back to the preop-

erative weight
 b. The patient not accepting orientation to 

interrupt the weight loss
 c. The patient denying doing something 

exaggerated that accounts for this loss
 d. The patient perceiving a positive return in 

the loss of weight, in spite of evidence to 
the contrary

 5. Body image dissatisfaction or distortion
 6. Follow-up nutritional tests with significant 

alterations and/or not in-line with the surgi-
cal technique, maintained for more than 
2 months after initial interventions

 7. Exclude AN and BN
 8. Exclude simple phobias (i.e., food 

chocking)
 9. Exclude organic causes
 10. Mandatory criteria 1 and 2 or 3, 4, 6, 7, 

and 9

Even considering losing more weight than 
expected for the technique as an inappropriate 
behavior, the BMI range of the patients described 
was normal or above. Moreover, the most clinical 
relevant  characteristics were laboratory findings 
and signs of malnutrition rather than BMI.

The description adds in relevant changes in 
patient relation with food with intense fear of 
regaining weight. The food choices are high 
caloric, more palatable, and “easy to swallow.” 
The cognitive reactions included a distortion of 
beliefs: gaining 1 kg is one step only from gaining 
50  kg. Noncompliance is the rule accompanied 
by extreme anxiety symptoms and phobic avoid-
ance reactions whenever a nutritional advice is 
introduced [38].
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The consequences of avoidant eating behavior 
after the surgery may be the emergence of severe 
malnutrition. Fandiño et al. (2005) [39] described 
a Wernicke-Korsakoff syndrome in a patient with 
PSEAD features.

Laboratory abnormalities and sustained mal-
nutrition signs should alert the team to AN or 
PSEAD. The crude mortality rate (CMR) for AN 
is approximately 5% per decade. Medical com-
plications associated with excessive weight loss 
and malnutrition of AN and suicide are the most 
common causes [1].

 Conclusion

Obesity and psychiatric disorders are strongly 
associated with about two thirds of the bariatric 
surgery candidates meeting the criteria for any 
current psychiatric disorder. Moreover, eating 
disorders (ED) and inadequate eating behaviors 
are frequently described among bariatric sur-
gery candidates, especially binge eating disor-
der (BED) and loss of control (LOC) in eating 
[40, 41].

The prevalence of the EDs post-operatively 
may vary according to the time of assessment 
like other psychiatric disorders’ distribution over 
time. The lowest rates are found in short term, 
with some increase after 24 months of follow-up 
[16]. Weight loss per se and its consequent reduc-
tion in the chronic inflammatory state due to obe-
sity may help the prevalence reduction of many 
psychiatric disorders [42].

A possible flux between EDs and subthreshold 
EDs, before and after the surgery, highlights the 
need for further efforts to characterize and better 
understand their clinical evolution and relation-
ship with the bariatric surgery.

Although the post-surgical presence of BED, 
NES, and grazing can negatively affect the results 
of weight loss, there is no supportive data to pre-
dict the impact of pre-surgical EDs in the post- 
surgical weight loss.

Attention to signals and symptoms of other 
classical EDs (AN, BN) when assessing the 
patient at follow-up appointments is indispens-
able not because of the insufficient weight loss 

but for the early detection of clinical, metabolic, 
and nutritional complications as consequences of 
purging or eating avoidance behaviors.

Some studies refer an unfavorable course of 
eating disorders or psychiatric disorders after 
obesity surgery, but most of these studies do not 
have a proper psychiatric care, worsening the 
prognosis of these disorders without a complete 
effective intervention.

In general, the prognosis of post-surgical EDs 
tends to be more benign if immediately diagnosed 
and if suitable treatment is installed, emphasizing 
the demand for a psychiatric assessment and fol-
low-up with specific attention to eating disorders 
and the particularities of post-bariatric surgery 
eating behaviors.

Systematic psychiatric evaluation of patients 
prior to bariatric surgery is recommended, and 
further controlled studies, with appropriate 
assessment instruments, comparing different 
techniques and post-surgical follow-up times are 
required.
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Gallbladder Stones 
and Choledocholitiasis

Pablo A. Acquafresca, Mariano Palermo, 
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 Cholelithiasis

It is known that the rapid weight loss is a predis-
posing factor to develop biliary lithiasis. The 
physiopathology is related with a supersaturation 
of bile with cholesterol, bile stasis, and increase 
in mucin concentration in bile. Therefore after 
any bariatric procedure (but gastric bypass spe-
cially), where a rapid weight loss occurs, this can 
become a threat. Furthermore the treatment can 
be a challenge due to anatomical changes caused 
by the bariatric procedure [1].

Diverse kinds of protocols exist: prophylactic 
(simultaneous cholecystectomy and gastric 
bypass in patients, whether they have or do not 
have cholelithiasis) [2, 3], elective (simultaneous 
cholecystectomy with conventional gastric 
bypass in the patients with asymptomatic choleli-
thiasis) [4, 5], and conventional (cholecystec-
tomy only in the presence of cholelithiasis with 
symptoms) surgeries [6, 7].

The incidence of cholelithiasis post gastric 
bypass is estimated to be around 37%. Almost 
50% developed disease in the first year of monitor-
ing and 60% in the first 6 months. Meanwhile the 
patients undergoing sleeve gastrectomy have an 
incidence of cholelithiasis of 27%, being most of 
the cases developed in the first and a half year [8].

Compared with the general population, the 
obese have high serum cholesterol levels, deter-
mining a higher incidence of lithiasis, which is 
further increased in the patient population under-
going a bariatric procedure. The latter is linked to 
several factors, among which stands out the large 
weight loss (especially in the first 6 months after 
surgery) which favors a significant mobilization 
of cholesterol from adipose tissue reservoir and 
reduced production of bile salts and phospholip-
ids to the gallbladder.

Furthermore, after bariatric surgery occurs a 
decrease in the gallbladder motility due to nerve 
damage, a deficit in phospholipids and contrac-
tion stimulating proteins, and an increase of 
mucin secretion toward the gallbladder leading to 
an acceleration of the nucleation process. This 
predominance of cholesterol over the bile salt 
and phospholipids in bile promotes the formation 
of gallstones [9, 10].

Other factors that promote the formation of 
lithiasis post-surgery, such as decreased motility 
by altering vagal innervation derived from the 
surgical process, are present in some cases but 
are not constant. Instead, rapid weight loss (more 
than 50% of excess weight lost 3  months after 
laparoscopic RYGB) is the only predictor of gall-
bladder disease present in every study [11].

Regarding prophylactic surgery (cholecystec-
tomy in patients without gallbladder stones), the 
majority of surgeons concur that a watchful 
 waiting should be taken and only perform the 
bariatric procedure, because the number of 
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patients that will develop symptomatic choleli-
thiasis is low (around 6–8% of them), and this 
leads to an elevated number of patients exposed 
to an unnecessary procedure with potential com-
plications [4, 11]. Laparoscopic cholecystectomy 
in bariatric patients may be challenging due to 
suboptimal port placement and difficult body 
habitus. Furthermore, it is accompanied by 
potential risks such as lengthening of operative 
time, increased morbidity, and prolonged hospi-
talization. Serious complications have been 
reported as high as 2–3% of cases [12].

Some studies have shown that an elective 
approach (simultaneous cholecystectomy only in 
the patients with cholelithiasis) may be favored 
because of better short-term outcomes with sig-
nificantly lower rates of mortality, morbidity, 
reinterventions, and shorter hospital when com-
pared with patients that had concomitant chole-
cystectomy. However, the long-term biliary 
morbidity requiring subsequent cholecystectomy 
was not clear in these studies [6].

But other papers have shown that the rate of 
subsequent cholecystectomy after RYGB is low 
(6.8%), being the main cause for the subsequent 
cholecystectomy the uncomplicated biliary dis-
ease, while choledocholithiasis and biliary pan-
creatitis occurred very rarely. It’s estimated that 
the rate of subsequent cholecystectomy due to 
biliary colic or gallbladder dyskinesia is 5.3%; 
cholecystitis, 1.0%; choledocholithiasis, 0.2%; 
and biliary pancreatitis, 0.2%.

Furthermore about 95% of the subsequent 
cholecystectomies are performed laparoscopi-
cally with a very low conversion rate, and the risk 
to suffer a complication from a subsequent chole-
cystectomy is extremely low (0.1%) for all 
patients without concomitant cholecystectomy 
during RYGB. Therefore, a routine concomitant 
cholecystectomy cannot be recommended when 
weighing the observed low long-term morbidity 
against the known potential detrimental effect on 
the short-term outcome [6, 7].

On the other hand, when talking about patients 
with asymptomatic gallbladder stone, currently 
there is no consensus in the treatment in patients 
undergoing weight loss surgery. Asymptomatic 
gallstones (silent gallstones) represent a dilem-
matic approach. The natural history of asymp-

tomatic gallstones suggests that many affected 
individuals will remain asymptomatic. Recent 
trend analysis in gastric bypass patients suggests 
that concomitant cholecystectomy should be con-
sidered only in symptomatic gallstones [7].

The use of ursodeoxycholic acid (UDCA) also 
has been proposed as a preventive measure for 
the gallstone formation. The UDCA is a bile acid 
that dissolves gallstones by decreasing biliary 
cholesterol secretion to lower bile cholesterol 
saturation and by decreasing biliary glycoprotein 
secretion to lower biliary nucleating factors. It 
was reported that the oral dose of 600 mg UDCA 
following gastric bypass for 6  months or even 
until gallstone formation was associated with 
decreased rate of gallstone formation [13, 14]. 
However, the cost-effectiveness of the treatment 
is a matter of debate because even though the use 
of UDCA lessened the costs of concurrent chole-
cystectomy and reduced the hospital stay along 
with logical cost raise in selective cholecystec-
tomy, the prescription of UDCA tends to be unaf-
fordable as an additional cost.

Due to the previously exposed, it is possible to 
conclude that cholecystectomy should be per-
formed only in patients with cholelithiasis symp-
toms. Regarding patients with silent cholelithiasis, 
the surgeon must evaluate every case in particular, 
follow up the patient, and in case of developing 
symptoms, perform the cholecystectomy, but it’s 
admissible to choose a conservative management.

 Choledocholitiasis

The presence of gallstones in the common bile 
duct (CBD) although is a rare complication after 
RYGB (around 0.2% of the bariatric patients) [7] 
represents an important challenge due to the ana-
tomical modifications of the gastrointestinal tract 
(Fig.  34.1). The duodenum remains adjacent to 
the surgically excluded stomach. Therefore, for 
the endoscopist, accessing the ampulla is techni-
cally very difficult. The endoscope must pass 
through the mouth, esophagus, gastric pouch, 
Roux limb, and then return retrograde through 
the afferent limb to reach the ampulla. This total 
length may easily exceed 300 cm, making almost 
impossible for traditional endoscopy access to 
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the papilla to perform an endoscopic retrograde 
cholangiopancreatography (ERCP).

This leads to having to pursue other methods 
to reach the papillae for the resolution of choled-
ocholitiasis. Which of these methods should we 
choose must be based on the surgeon experience, 
the equipment available, and the location of the 
stone. But whatever the method, a special train-
ing is needed on endoscopy, percutaneous sur-
gery, and laparoscopy.

The methods that have been described can be 
listed as follows:

• Laparoscopy-assisted transgastric ERCP 
(LAT-ERCP)

• Balloon enteroscopy-assisted ERCP 
(BEA-ERCP)

• Percutaneous biliary drainage with subse-
quent transfistula treatment

• Laparoscopic exploration of common bile 
duct

Due to the long anatomical route required to 
reach the biliopancreatic limb in patients with 

RYGB, a solution that has been found is to access 
the excluded stomach through laparoscopy and to 
insert the endoscope through a gastrotomy allow-
ing to perform an ERCP like in a traditional way. 
The success rate of this procedure has been shown 
to be superior to BEA-ERCP; biliary cannulation 
rates up to 100% have been described and is asso-
ciated with a significantly shorter endoscopic pro-
cedure time, but not a shorter total procedure time 
(laparoscopy plus ERCP) [15–17].

In this procedure a standard laparoscopic access 
to the abdominal cavity is performed with inser-
tion of four trocars, then the greater curve of the 
antrum is mobilized, and a gastrotomy and purse-
string suture are fashioned on the anterior side of 
the greater curvature of the gastric remnant near 
the antrum (Fig.  34.2). An additional 15  mm or 
18  mm trocar must be placed in the left upper 
quadrant and inserted into the gastrotomy in the 
center of the purse-string suture (Fig. 34.3). This 
purse-string has to be tightly fixed around the tro-
car to prevent loss of insufflation pressure, and the 
gastrotomy should be made as lateral as possible 
along the greater curvature to permit smooth intu-
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Fig. 34.1 (a) Green arrow showing the endoscopy path to the ampulla in normal anatomy. (b) Green arrow showing 
the endoscopy path to the ampulla in altered anatomy by gastric bypass
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bation of the pylorus. It’s also recommended to 
occlude the biliopancreatic limb with an intestinal 
clamp to prevent over-insufflation of the small 
bowel that blocks the perioperative visualization.

Finally, a side-viewing endoscope is introduced 
through the 15 mm or 18 mm trocar secured into the 
gastrotomy, and ERCP can be performed under 
fluoroscopic guidance (Fig. 34.4). After the removal 
of the scope and the trocar, the purse-string is tied 
and the gastrotomy incision sutured (Fig.  34.5). 
Described By Manoel Galvao Neto from Brazil.

In case of patients with gallbladder in situ, 
delaying the definitive cholecystectomy until 
ERCP is performed is considered to be the safest 
option because in case of a difficult cannulation 
of the papilla, a guidewire can be inserted into the 
cystic duct to perform a rendezvous technique in 

order to achieve the cannulation. In this tech-
nique the guidewire that was inserted through the 
cystic duct is then moved into the main biliary 
duct and passed through the papilla. Therefore, 
the flexible wire is taken by the endoscopist and 
used as a guide to enter the papilla.

Performance of the LAT-ERCP technique is 
influenced by the presence of postoperative adhe-
sions which renders the transgastric access more 
difficult, sometimes being necessary to perform a 
minilaparotomy to achieve the transgastric access. 
This is expected in case of a history of open sur-
gery, multiple laparoscopic interventions, and 
previous peritonitis or abscess formation.

When the need for repeat ERCP is anticipated 
during the first LAT-ERCP procedure, a gastros-
tomy tube can be inserted through the gastrotomy 
incision into the lumen of the stomach. Repeat 
ERCP can be performed percutaneously after the 
surgical gastrostomy tract has matured [18].

Fig. 34.2 Formation of a gastrotomy on the anterior wall 
of the greater curvature of the gastric remnant. (Courtesy 
M Falcao, J Campos Marins, M Galvao Neto, A Ramos)

Fig. 34.3 Insertion of a 15  mm trocar into the gastric 
remnant through gastrotomy. (Courtesy M Falcao, J 
Campos Marins, M Galvao Neto, A Ramos)

Fig. 34.4 ERCP with sphincterotomy and stone extrac-
tion. (Courtesy M Falcao, J Campos Marins, M Galvao 
Neto, A Ramos)

Fig. 34.5 Suture of the gastrotomy incision. (Courtesy M 
Falcao, J Campos Marins, M Galvao Neto, A Ramos)
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The LAT-ERCP, although is a complex proce-
dure, in experimented hands allows to success-
fully treat choledocholitiasis with a biliary 
cannulation rates up to 100% and a low rate of 
complications like pancreatitis or post- 
sphincterotomy bleeding. In no case a leak of the 
gastrostomy suture was described [16–19].

The second option that we have to treat cho-
ledocholitiasis in patients with RYGB is the BEA-
ERCP. The major advantage of balloon- assisted 
over conventional enteroscopy is the ability to 
reduce loops of small bowel which facilitates 
advancement of the endoscope in patients after 
Roux-en-Y reconstruction. In patients with Roux-
en-Y anatomy, success rates varying from 60% to 
90% for reaching the biliopancreatic limb and suc-
cessful ERCP ranging from 46% tom 80% have 
been reported [20–29], clearly inferior to the suc-
cess rate of the LAT- ERCP. The devices that are 
used for the BEA- ERCP can consist in a single- or 
double-balloon system (Figs. 34.6 and 34.7).

The system is composed of a 200-cm, thin 
endoscope, with a 145-cm soft overtube. Latex 
balloons are attached to the end of the endoscope 
and to the end of the overtube. By using a series 
of inflations and deflations of the balloons, along 
with reductions, the endoscopist may advance the 
scope through the lumen in an “accordion-like” 
fashion and reach the distal small bowel [30] 
(Figs. 34.8 and 34.9).

Fig. 34.6 Double-balloon endoscope

Fig. 34.7 Single-balloon endoscope

Fig. 34.8 Illustration of endoscopic technique with sin-
gle balloon

1) The scope is inserted as deep as possible

2) The scope is angulated to hold the intestinal 
tract and the ballon deflated

3) Advance the splinting tube

III

4) Inflate the balloon

5) The angulation is released

6) Withdraw the splinting tube and scope to
shorten the intestinal tract

: Scope motion : Splinting tube motion
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The major problems that this technique must 
face are the long length of bowel that the scope 
must pass through and the acute angle of the affer-
ent limb and Roux limb anastomosis which is also 
very difficult to navigate. Furthermore, attaching 
the balloon to the tip of the endoscope is often 

troublesome, and the balloon on the tip of the 
enteroscope can occasionally decrease the field of 
view if it becomes dislodged distally. It’s an inva-
sive and time-consuming procedure, but on the 
other hand, the morbidity rate is low, especially for 
diagnostic procedures, and the complication rate 

1 2 3 4
Insert an enteroscope 
through an overtube 

Inorder to grip the small 
intestine, inflate the balloon 
on overtube

The scope is inserted 
further over the overtube

Then the balloon on the 
endoscope is inflated to 
grip the small intestine

5 6 7 8

Then the balloon on the 
overtube is inflated to grip 
the small intestine

The balloon on the endo 
-scope tip is deflated

The overtube is advanced 
along the endoscope

Deflate the balloon on 
overtube

9 10 1211

With a set of the above 
procedures repeated 
the scope is advanced 
steadily up to the depths 
of the small intestine

These procedures are 
repeated to get these 
balloons fixed in deeper 
and deeper oncations

Again insert the endoscopeWithe the balloon inflated
on overtube, the endoscope 
is gently withdrawn together 
with the overtube to get it 
straight

Fig. 34.9 Illustration of endoscopic technique with double balloon
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of diagnostic double-balloon endoscopies is 0.8% 
and that of therapeutic procedures 4.3% [31].

Another important drawback of this tech-
nique is that the highest success rate is described 
in patients with hepaticojejunostomy, while the 
success rate in patients with native papilla tend 
to be lower due to the fact that the endoscope is 
forward viewing and the straight angle with 
which accessories can be advanced [21]. The 
cannulation rates of intact papilla using double-
balloon enteroscope have ranged from 25% to 
80% [20, 22, 23].

There is also another problem; there is a lim-
ited availability of suitable equipment, as all 
accessories have to be of sufficient length. 
Unfortunately for double-balloon technique, there 
is a current trend in ERCP equipment to develop 
shorter rather than longer accessories. There is a 
lack of needle knifes, sphincterotomes, extraction 
balloons, lithotripsy devices, and retrieval baskets 
customized for the double- balloon system [32].

The previously described BEA-ERCP should 
not be considered as a first option when treating 
choledocholitiasis, especially if the physician is 
not an expert endoscopist. And if choledocholiti-
asis coexist with cholelithiasis, considering that 
the gallbladder will be removed, a laparoscopic 
approach is recommended (whether with a full 
laparoscopic resolution with CBD exploration or 
with a LAT-ERCP).

The third option available to treat the lithiasis 
of the CBD is the percutaneous approach. With 
this technique it is necessary first to perform a 
percutaneous biliary drainage, and later when the 
fistula between the biliary system and the skin is 
consolidated, a session to remove the stones can 
be performed.

The first step of the procedure consists of an 
ultrasound-guided puncture of the intrahepatic 
bile duct by using a 22G Chiba needle 
(Fig.  34.10), and then a percutaneous transhe-
patic cholangiogram should be performed to con-
firm the presence, location, number, and size of 
stones (Fig. 34.11). The choice whether to use a 
left-sided subxiphoid approach or a right-sided 
subcostal or intercostal approach must be based 
on individual and anatomic considerations, such 
as the position of the liver, bile duct anatomy (as 

seen on pre-procedural imaging), and number, 
position, and size of the bile duct stones.

The percutaneous transhepatic cholangiogram 
can be achieved in 98% of the patients with dila-
tation of the bile ducts and in 90% of those with-
out dilatation [33].

Once we gain access to the biliary system with 
the Chiba needle, a guide wire must be  introduced, 
and by using Seldinger technique, an 8 or 10 Fr 
biliary drainage must be placed (Fig. 34.12).

After 7–10  days when the biliary system is 
decompressed, the symptoms of cholangitis (if 
were presents) are relieved and the fistula starts to 
consolidate; thus, it is possible to perform the 
treatment of the stones. By working through the 
biliary-cutaneous fistula, it is possible to push the 
stones into the duodenum or extract them through 
the skin’s hole. In order to achieve this, a stan-
dard percutaneous transluminal angioplasty bal-
loon catheter is advanced beyond the stones and 
positioned across the papilla. Then the sphincter 

Fig. 34.10 22G Chiba needle
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is dilated by an 8–12 mm balloon, depending on 
the size of the largest stone, until no waist could 
be seen in the balloon on fluoroscopy (Fig. 34.13). 
Once this is achieved, the balloon is deflated and 
the catheter withdrawn and positioned proximal 
to the stones. After reinflating the balloon, the 
stones are pushed forward through the dilated 
sphincter into the duodenum.

If the stone size exceeded 10 mm, mechanical 
lithotripsy with Dormia basket is recommended 
[34]. The stone fragments are then evacuated into 
the duodenum by using the balloon catheter or 
Dormia basket (Fig. 34.14).

Fig. 34.11 Percutaneous transhepatic cholangiogram 
showing a big stone on distal common bile duct

Fig. 34.12 Percutaneous biliary drainage with “pigtail” 
in duodenum

Fig. 34.13 Sphincter dilation with a 10 mm balloon. A 
waist can still be seen on the balloon

Fig. 34.14 A stone being grabbed with a Dormia basket
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If the stone’s size is not too big, another option 
is to grab the stone with the Dormia basket and 
pull it out through the skin’s hole. This maneuver 
could be dangerous if the stone is larger than the 
fistula diameter because the fistula could be dam-
aged; thus it is recommended to place a second 
(safety) wire through the papilla in order to pre-
serve the biliary access.

When all the stones seem to have been 
extracted, cholangiography must be performed to 
confirm complete stone clearance. Then a biliary 
drainage is placed in the CBD.

After approximately 24 hours later, a cholan-
giography must be performed to confirm CBD 
clearance, and if so, the external drain is removed. 
If residual stones are found, the procedure must 
be repeated until all stones are removed.

The success rate reported with this approach 
varies between 93% and 96% and the complica-
tions between 4.7% and 6.7% [34–37]. The 
 complications described include hemobilia, pan-
creatitis, cholangitis, pleural effusion due to a 
transpleural biliary drainage, and bile peritonitis 
due to fistula disruption.

The last option available to treat choledocholi-
tiasis is the laparoscopic approach with explora-
tion of the CBD. In case we are treating a patient 
that has already been cholecistectomized, the 
laparoscopic approach should be considered as a 
second option, after the other minimal invasive 
approaches failed (endoscopic-percutaneous), as 
the patient’s abdomen could be hostile due to 

adhesions which will make the CBD exploration 
difficult. But if the patient also has cholelithiasis 
and laparoscopic cholecystectomy must be per-
formed, it is possible to do the treatment fully 
laparoscopic.

It is recommended to try first a transcystic 
approach to treat the stones. A technique similar 
to the percutaneous technique can be performed, 
and by introducing a percutaneous transluminal 
angioplasty balloon catheter through the cystic 
duct, the sphincter is dilated, and then, with the 
same balloon, the stone is pushed to the duode-
num. It is also possible to do this maneuver with 
a Dormia basket through the cystic duct 
(Fig. 34.15). If this fails, one should consider to 
open the CBD and perform an exploration 
(Fig. 34.16).

If we decided to explore the CBD after stone 
extraction, we perform cholangiography, and if 
we are sure that there are no more stones, and the 
bile duct is dilated, we can perform a primary 
closure of the CBD. On the other hand, if the bile 
duct is thin, this measure is not so strongly rec-
ommended due to possible strictures at the suture 
site. In case we doubt the presence of more 
stones, we must place a T-tube in order to avoid a 
pressure increase inside the CBD and a bile leak-
age and, of course, to perform then a percutane-
ous approach through the T-tube to extract the 
remaining stones (Fig. 34.17).

In conclusion, with the set of therapeutic tools 
mentioned previously, one should be able to face 

Fig. 34.15 A stone being pulled out with a Dormia basket through the cystic duct
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the problem of choledocholitiasis. A proper train-
ing is needed in laparoscopic surgery, endoscopy, 
and percutaneous surgery due to the high techni-
cal difficulty of treating CBD stones in patients 
with Roux-en-Y anatomy. Which path to follow 
should be based on details of every case and per-
sonal experience with every mentioned tech-
nique, and in case of lack of personal experience, 
it is strongly recommended to derivate these 
patients to a specialist.
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Hypoglycemia After Gastric 
Bypass

Glauco da Costa Alvarez

Along with the dramatic benefits that Roux-en-Y 
gastric bypass (RYGB) offers, this operation can 
have complications.

Postprandial hyperinsulinemic hypoglycemia 
is the least common and incompletely understood 
one. It is a metabolic complication that typically 
develops 6 or more months after RYGB, usually 
after a meal.

It can also occur after other types of bariat-
ric operations, such as duodenal switch or sleeve 
gastrectomy [1, 2].

Some patients experience suggestive symp-
toms of hypoglycemia after RYGB, but whether 
these symptoms are always associated with 
low sugar blood glucose are unclear. Clinically 
significant hypoglycemia after RYGB has been 
estimated to occur in 0.2–0.36% of patients  
[3, 4].

Since RYGB is one of the most common bar-
iatric procedures performed in the world, it is 
essential for patients to be aware of the true risk 
of this condition prior to surgery. The majority of 
patients experiencing hypoglycemia post-RYGB 
did not have abnormal glucose metabolism before 
RYGB (73%).

The mechanism of action of RYGB includes 
an increased postprandial gut hormone release, 

increased satiety [5, 6], reduced hunger [7], and 
alteration in food preference [8].

Dumping syndrome after gastric surgery is 
well recognized and refers to symptoms appear-
ing shortly after food intake. Dumping is often 
categorized as either early or late, 10–30 minutes 
after food intake.

Symptoms and timing may vary [9]. Anna 
Laurenius has suggested that symptoms occur-
ring within 30  minutes after food intake are 
referred to as dumping, while symptoms appear-
ing 30  minutes after food intake are called 
hypoglycemia- like symptoms.

These hypoglycemia-associated symptoms 
are a warning for neuroglycopenia, which can 
lead to irrational behavior and, ultimately, to 
unconsciousness [10].

Most of the patients with RYGB have a 
marked decrease in blood glucose 1,5–3  hours 
after an oral carbohydrate load. This phenom-
enon is commonly called hyperinsulinemic or 
reactive hypoglycemia and can be explained as 
an overshoot in the secretion of insulin after rapid 
uptake of carbohydrates into the portal circula-
tion. It is often caused by refined carbohydrate 
load [11].

A possible mechanism is the enhanced incre-
tin effect (GLP1) that occurs after RYGB as 
ingested nutrients almost instantly are exposed to 
the small intestine [10].

Hypoglycemia awareness is a term defining 
patients not experiencing typical warning symp-G. da Costa Alvarez (*) 
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toms, despite having plasma glucose level below 
54 mg/dL.

 Etiology

The primary etiologies of post-RYGB hypoglyce-
mia are distinct and include dumping syndrome, 
factitious insulin/sulfonylurea administration, and 
nesidioblastosis; rare cases of insulinoma after 
RYGB have been reported [12].

Nesidioblastosis, defined as hyperinsulinemic 
hypoglycemia attributed to pancreatic β-cell 
hyperplasia, was thought to be a congenital dis-
order occurring in neonates and infants only. This 
was first described in adults in 1981 [13].

It is still considered a rare condition. There 
have been an increasing number of cases of non-
insulinoma pancreatogenous hypoglycemia in 
obese patients who have undergone RYGB for 
morbid obesity [14, 15].

 Pathophysiology

Post-RYGB hypoglycemia is most likely due 
to multifactorial alterations in hormonal and 
glycemic patterns that have not yet being fully 
elucidated.

RYGB patients can develop a severe dump-
ing syndrome from rapid delivery of food into the 
small intestine, resulting in reactive hypoglycemia 
caused by an exaggerated release of insulin [16].

Various gut hormones, including glucagon- like 
polypeptide-1(GLP1), have been found to show 
increased expression in patients after RYGB, com-
pared with nonsurgical obese patients [17].

L cells, located at the distal ileum, are stimu-
lated to release GLP-1 after the rapid delivery of 
intraluminal nutrients.

GLP-1 functions on islet cell include increas-
ing β-cell sensitivity to glucose, stimulating 
glucose- dependent insulin secretion, and inhib-
iting glucagon secretion on the alpha cell. On 
the other hand, GLP-1 is the initiator of the ileal 
brake phenomena, slowing small bowel motil-
ity in response to rapid delivery of food into the 
proximal small bowel.

This results in exaggerated secretion of GLP- 
1, resulting in the activation of the ileal brake at 
the consequence of deep insulin secretion and 
subsequent hypoglycemia.

Histopathologic examination of specimens 
from several patients undergoing partial pancre-
atectomy for postprandial hypoglycemia was ini-
tially proposed as demonstrating characteristics of 
nesidioblastosis. The condition is defined by β-cell 
hypertrophy and hyperfunction, islet cell hyper-
plasia, and neoformation of islets of Langerhans 
from pancreatic duct epithelium [14, 18, 19].

It has been further suggested that this find-
ings are consistent with prolonged hypersecre-
tion of GLP-1. However, this pathologic finding 
has been challenged by other groups, and clinical 
results are suboptimal [20, 21].

The physiologic counter-regulatory mecha-
nism in response to hypoglycemia may also to be 
disrupted in post-RYGB hypoglycemic patients.

Kamvissi et al. proposed an anti-incretin the-
ory suggesting that nutrient passage through the 
gastrointestinal tract after RYGB may also acti-
vate negative feedback mechanisms to balance 
the effects of incretins and to prevent postpran-
dial hypoglycemia [22].

The failure of this counter-regulatory mechanism 
may accentuate hyperinsulinemic hypoglycemia.

 Diagnosis

The diagnosis is made from the history (previous 
gastric surgery) and the constellation of symp-
toms, with few objective findings by examination.

Symptoms of postprandial hypoglycemia may 
develop months to years after surgery, 1–3 hours 
after carbohydrate ingestion [23].

Severe hypoglycemia symptoms, defined by 
Whipple’s triad [24], include confusion, low 
plasma glucose concentration, and resolution of 
those symptoms after carbohydrate intake.

Specific symptoms of hypoglycemia are 
categorized as autonomic or neuroglycopenic. 
Autonomic symptoms include anxiety, sweat-
ing, tremors, and palpitation. Neuroglycopenic 
symptoms include confusion, weakness, light- 
headedness, dizziness, blurred vision, disorienta-
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tion, and eventually, loss of consciousness, coma, 
and even death [4].

When these patients are symptomatic, a fasting 
plasma glucose <50 mg/dl, a serum insulin level 
is the first step in the decision-making process to 
determine the etiology of the hypoglycemia.

Insulin is the central hormone in the body’s 
regulation of carbohydrate and fat metabo-
lism that originates from the β cells residing in 
the islets of Langerhans within the pancreas. 
Hyperinsulinemia is a condition in which the 
insulin level is >6 μU/ml.

Proinsulin is a precursor that resides within 
the β cells and is composed of insulin A and B 
chains linked together by C-peptide.

C-peptide is cleaved by an intracellular pro-
tease before being released into the circulation.

C-peptide elevated >5  ng/ml. A proinsu-
lin level <5  pmol/L is highly sensitive toward 
eliminating insulinoma as a cause of endogenous 
hyperinsulinemia, leaving only nesidioblastosis 
as the diagnosis [25].

Continuous glucose monitoring (CGM) over 
the course of 3 days is more sensitive and allows 
for glucose monitoring while patients are eating 
as they would do normally [26].

A pattern of hyperglycemia within 30 minutes 
of a high glucose meal, followed significantly by 
hypoglycemia, is highly suggestive of the diag-
nosis [4].

These patients have a spontaneous return to 
euglycemia after the hypoglycemic episode.

The oral glucose tolerance test (OGTT) is pri-
marily used owing to its simplicity to perform 
and ease of both administration and interpreta-
tion of results as an outpatient procedure. The 
mixed meal tolerance test (MMTT) is a preferred 
provocative test, in which a standardized carbo-
hydrates, protein, and fat are given. Glucose and 
insulin levels are determined during the fasting 
state and at 30-minute intervals after the mixed 
meal. A positive MMTT demonstrates normal 
fasting glucose levels, hyperinsulinemia prior 
to hypoglycemia, hypoglycemia with plasma 
glucose levels <50–60 mg/dl, and symptoms of 
hypoglycemia.

Diagnostic imaging is necessary to distinguish 
nesidioblastosis of insulinoma after the biochem-

ical evaluation (proinsulin level). Insulinoma can 
be identified using computed tomography and 
magnetic resonance imaging.

Selective intra-arterial calcium stimulation 
with hepatic venous sampling is a highly accurate 
and safe method for the preoperative localization 
of insulinomas.

Selective arterial calcium-stimulation tests 
were performed as a measure of the basal insulin 
level in the right hepatic vein in response to the 
sequential injection of calcium into the splenic, 
superior mesenteric, and gastroduodenal arteries.

The double gradient detected in the hepatic 
vein after sequential calcium injection in those 
arteries was considered to indicate hyperfunction 
of the B cells in the vascular distribution of the 
artery studied, which was identified in the angio-
graphic findings [27].

This test might be more useful in  localiz-
ing the B-cell mass in case of nesidioblastosis. 
Nevertheless, confirmation of the diagnosis can-
not occur without histologic confirmation of a 
pancreatic surgical specimen.

 Treatment

The reason not all RYGB patients develop symp-
toms might be from different diets. Meals with a 
high carbohydrate content and high glycemic index 
may provoke these hypoglycemic attacks, suggest-
ing that the primary treatment of hyperinsulinemic 
hypoglycemia is related to the dumping syndrome. 
The primary goal is to change the patient’s diet.

Carbohydrate restriction appears to be a good 
first-line approach in the management of post- 
RYGB postprandial hypoglycemia. A 30 g carb- 
restricted meal combined with a protein intake 
and consumption of fat and fiber, in a multiple 
small meals, may help to prevent postprandial 
hypoglycemia in patients with post-RYGB hypo-
glycemia [4, 28, 29].

Pharmacologic treatment for post-RYGB 
hypoglycemia has also been described.

Acarbose, an α-glycoside hydrolase inhibitor, 
decreases gastrointestinal absorption of carbohy-
drates. Acarbose has been found to attenuate the 
postprandial increase in glucose and insulin; its 
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use by patients can be limited by the occurrence 
of flatulence and worsening diarrhea. Doses 
range from 100 mg to 300 mg [30, 31].

Nifedipine, a calcium channel blocker that 
reduces insulin secretion, has been used at a dose 
of 30 mg daily [32].

Diazoxide, an adenosine triphosphate- 
dependent potassium channel agonist of β cells, 
which reduces insulin release, has demonstrated 
moderate success in avoiding pancreatectomy in 
adults with postprandial hyperinsulinemic hypo-
glycemia after RYGB [33].

GLP-1 receptor antagonists have shown effi-
cacy and are promising for long-term treatment.

The presumed pathophysiology of RYGB and 
their effects on GLP-1 expression with subse-
quent elevated insulin levels, blocking the action 
of GLP-1, can suppress postprandial insulin 
secretion. Infusions of GLP-1 receptor blockers 
correct the hypoglycemia and increase glucagon 
levels in individuals with recurrent hypoglycemia 
after RYGB [34–36].

Octreotide (somatostatin) has shown to 
improve symptoms in dumping syndrome by a 
combination of slowing small bowel motility, 
inhibition of insulin secretion, and inhibition 
splanchnic vasodilation.

Both short- and long-acting octreotides have 
been used, demonstrating beneficial effects on 
symptoms with the short-acting being better tol-
erated and more efficacious [37].

There are cases with no response to clinical 
treatment. With these exceptional cases, surgery 
may be considered.

Surgery should be evaluated in the context 
of the perioperative risk, long-term outcomes, 
potential weight regain, and its effect on obesity- 
related comorbidity and late complications such 
as diabetes, reflux, and diarrhea.

Different surgical approaches have been 
applied, but the physiology of the hypoglycemia 
was not adequately elucidated [38].

Different surgical techniques were applied 
including the placement of a gastric tube, gas-
tric pouch restriction, reversal of the RYGB with 
and without sleeve gastrectomy, and pancreatic 
resection. In some series, several concomitant 
techniques were applied.

The placement of a gastrostomy tube was 
used in all patients before reversal in the two 
largest series of RYGB reversal for hypoglyce-
mia [39, 40].

After nutritional delivery through the gastros-
tomy tube, no hypoglycemic symptoms were 
reported, and a marked normalization of the glu-
cose tolerance test was defined. This is often con-
sidered a preferred early approach for patients 
who fail medical management.

Restoring restriction can be performed:

 1. By adding a gastric pouch application in a 
dilated gastric pouch

 2. With pouch revision using linear staplers to 
create a 30 ml pouch

 3. With placement of a silastic ring or adjustable 
gastric band over small gastric pouch 1  cm 
above the gastrojejunal anastomosis [41, 42]

Restriction will lead to slower nutrient deliv-
ery to the jejunal limb. Long-term outcome, how-
ever, is not established [43].

Reversal of RYGB: some bariatric surgeons 
have suggested reversal of the gastric bypass by 
performing gastrogastrostomy, with or without 
resection of the Roux limb, on the assumption 
that this would also reverse the nesidioblastosis 
[39, 40].

Reversal of the gastric bypass does not ensure 
the resolution of pancreatogenous hypoglyce-
mia [44–46]. Weight regain occurred in 4 of 11 
patients.

At least in one case, there was almost com-
plete weight regain. Two patients had pancreatic 
resection after reversal, both with a nesidioblas-
tosis diagnosis, identified in the specimen.

In the largest series of nine patients, one had 
gastroesophageal reflux [40], two developed 
diarrhea, and one developed anastomotic stric-
ture, which was endoscopically dilated.

Histologically, nesidioblastosis could not be 
evaluated, as resection was not made. Long-term 
data are lacking, and it is unclear whether these 
promising results are durable.

Pancreatic resection: distal, subtotal, and total 
pancreatectomies have been indicated for hypo-
glycemia after RYGB.  Distal pancreatectomy, 
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with or without splenectomy, was the most com-
mon finding in PubMed search.

Among the 51 (68%) patients identified, 6 
(12%) were reoperated with extended resections 
due to recurrent or persistent hypoglycemia.

Three (6%) patients ended up with total pan-
createctomy [43]. Two had RYGB reversal, and in 
one case pouch restriction was done, prior to pan-
creatic resection [42, 44, 47]. Two patients had 
concomitant banding of the gastric pouch [42].

In total, 34 of 51 (67%) patients had resolution 
of hypoglycemic symptoms after one or more 
pancreatic resections. In the group of 17 patients 
with persistent symptoms, 8 cases were classified 
as recurrent or ongoing symptoms, 5 as having 
occasional symptoms, 2 as frequent symptoms, 1 
case had a good response to octreotide treatment, 
and 1 underwent RYGB reversal with minimal 
improvement of symptoms.

The duration of follow-up was short in most 
of the series [42, 44, 46–54]. Diabetes status was 
unknown in most of the patients.

Nesidioblastosis was confirmed from speci-
mens in 47 patients. Subtotal pancreatic resection 
may not be the optimal treatment for hypoglyce-
mia after RYGB in all patients, considering that 
the underlying cause for hyperinsulinemia may 
persist [55]. The adequate extent of resection is 
not defined, and symptoms may persist or recur.

Gastrostomy tube placement, the addition of 
restriction, or reversal of the RYGB have all been 
used as alternatives, with undefined effects in the 
long term. Partial pancreatectomy indications 
must be in exceptional cases.

Patients should be informed about the incom-
plete knowledge of post-RYGB hypoglycemia 
and the variability in treatment options, and out-
comes should be reported.
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Dumping Syndrome

Christine Stier, Koschker Ann-Cathrin, 
and Sonja Chiappetta

Dumping syndrome is since long time well 
known as a postoperative complication of gastric 
surgery procedures. Due to increasing numbers 
of gastric surgery procedures resulting from bar-
iatric surgery, the incidence of the dumping syn-
drome is on a dramatic rise and therefore has 
found back into the spotlight of therapeutical 
interest.

 A Brief Historical Retrospection

Most likely the first publication  regarding the 
topic in English language originates from 1913 
and was written by A. Hertz [1]. It dealt with a 
symptom complex that may occur after gastric 
surgery the “post-gastrectomy-syndrome”. The 
term “dumping syndrome” itself was created and 
therefore descends from C.  Mix [2], who pub-
lished an article in 1922 about the “dumping 
stomach following gastroenterostomy”. Back 
then, “Dumping” described the assumed under-
lying reason of this syndrome – a speeded influx 
of chyme into the anastomosed jejunum. As 

early as 1935, dumping syndrome finds its way 
into the Textbook of Gastroenterology by 
Eusterman and Belfort, who described its occur-
rence after simple gastroenterostomy procedures 
as well as post-gastric resection [3]. They how-
ever stated that the dumping syndrome is as rare 
as barely deserves mention after a well-indicated 
and properly performed gastroenterostomy [3]. 
They already attributed its occurrence to the dis-
tension of the upper jejunum. Likewise, A. Snell 
[4] wrote in 1937 that it was found to be a rare 
complication and reported of just a “few cases”. 
He stated the jejunum would most likely adapt 
and the symptoms  would tend to disappear. In 
1940, C. Glaessner [5] published nine cases. He 
attributed a “hyperglycaemic shock” as cause for 
the dumping syndrome relating to sudden 
increase of blood sugar as a direct result of rapid 
resorption in the jejunum. Schwartz [6] and his 
study group further investigated this theory, but 
could not find any correlation between glucose 
levels and appearing symptoms. They insisted, 
the underlying explanation must be due to the 
distention of the upper jejunum [5]. Firstly, they 
recommended frequent small meals as conserva-
tive therapy approach to improving symptoms. 
In 1941, Jordan [7] published in the JAMA that a 
quarter of all cases with unsatisfactory results of 
post partial gastrectomy account to anastomotic 
ulcer as well as dumping syndrome. In the 
printed discussion of Jordan’s article by Mateer 
[8], he rated the incidence of the post-operative 
dumping syndrome to be as high as 14%. 
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Thereupon, Custer [9] and his colleagues from 
the Mayo Clinic investigated 612 patients after 
subtotal gastrectomy and detected the post-gas-
trectomy dumping syndrome. A cohort of 500 
patients represented group A.  Retrospectively, 
they found an incidence of dumping syndrome in 
5.6% of the cases. They categorized those 
patients according to the severity of their symp-
toms into three groups, from mild to severe to 
disabling. Subsequently, a second cohort of 112 
patients, all operated by a single surgeon, were 
analysed prospectively. With particular focus on 
the dumping syndrome, the follow-up of group 
B revealed a considerable increased incidence of 
12.5%. The Mayo studying group around Custer 
found that with tightening the diameter of the 
anastomosis, the syndrome could be influenced 
and  recognized that with  redo procedures an 
improvement or even the  resolve the symp-
toms appears achievable. It was in 1970 that H.
Sigstad developed and published a numeric scor-
ing system for the  evaluation of symptoms, 
which supports the establishment of the  diagno-
sis of a dumping syndrome. The so-called Sigstad 
dumping score [10] still is implemented today 
and is a valuable and accepted diagnostic tool.

 Current State of Knowledge

The dumping syndrome is a set of complex of 
symptoms, caused by accelerated gastric empty-
ing of undigested chyme into the small bowel. It 
shows a wide range in the severity of  its symp-
toms, from mild gastrointestinal discomfort, 
moderate vasomotor disturbance to severe hyper-
insulinemic hypoglycaemia.

This is the valid definition of the dumping 
syndrome as we know it today, which shows that 
so far only marginal new insights into the patho-
physiology of this phenomenon exist  compared 
to the first half of the last century.

Other than the abovementioned early experi-
ences with the post-gastrectomy syndrome, 
which was named “dumping syndrome” in 1922, 
today there is a classification into two different 
entities, based on the cause and timely appear-
ance of the symptoms: the “early” and the “late” 
dumping syndrome. Due to the increasing num-

ber of bariatric surgery procedures being per-
formed worldwide, it seems that bariatric surgery 
is the  leading  cause of the  dumping syndrome 
[11]. The prevalence ranges from as high as 75% 
after proximal Roux-en-Y gastric bypass [11–17] 
to 33–45% after sleeve gastrectomy [19–21]. In 
clinical practice, however, symptoms vary greatly 
in severity. Due to the wide spectrum of the result-
ing impairment, therapy is not  required in all 
cases.

 Early Dumping Syndrome

Early dumping occurs within 30  minutes after 
ingestion. The underlying pathophysiology is 
fundamentally different  from that of the  late 
dumping. The union of both entities as the “dump-
ing syndrome” originates from the preceding and 
triggering circumstance of previous  gastric sur-
gery. “Early dumping” as well as “late dumping” 
may occur as separate and stand-alone clinical 
picture, however, mixed disease patterns of both 
entities may also occur.

One of the functions of the stomach is that of a 
reservoir. Food is mixed and blended with gastric 
secretion, thereby initiating digestion through acid 
denaturation and enzymatic hydrolysis of proteins. 
Just as important is the allocation function of the 
pylorus. Chyme is delivered in small amounts to 
the duodenum. The remaining gastric content is 
forced back into the corpus of the stomach for fur-
ther mixing. Thus, the amount of food reaching the 
intestine is constantly  regulated. After a mixed 
meal, the regular emptying takes 3–4 hours. After 
alteration of the anatomy by creating a gastroenter-
ostomy, this active allocation function of the pylo-
rus is lost. Subsequently, exclusively the diameter 
and the thereby provided resistance of the gastroen-
terostomy determine gastric emptying. If the gas-
tric emptying time shortens to just a few minutes as 
the anastomosis enlarges with time, chyme may 
“dump” into the small bowel. This “speedup 
influx” of hyperosmolar chyme may cause exten-
sive bowel distention and therefore an intestinal 
volume shift. Hypersecretion of gastrointestinal 
hormones and autonomic dysregulation trigger this 
volume shift, which  leads to  symptoms of early 
dumping. Although these symptoms are nonspe-
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cific, they can basically be divided into systemic 
and abdominal manifestations. Abdominal symp-
toms include pain, gas bloat, fullness and an early 
satiety, borborygmi and diarrhoea. Very typical is 
the imperative desire to lie down after a meal. 
Systemic symptoms affect the circulation with 
tachycardia, palpitations, flushing, hypotension 
and sweating and may peak in a syncope.

 Late Dumping Syndrome

Late dumping symptoms occur 1–3  hours after 
nutritional intake and are attributed to  a reactive 
hyperinsulinemic hypoglycaemia. With an oral 
glucose tolerance test (OGTT) in 75% of the 
patients after proximal Roux-en-Y gastric bypass, 
symptoms of late dumping syndrome may be pro-
voked. In clinical practice, however, the manifesta-
tions vary extremely in severity. As early as 1940, 
Glaessner reported an imbalance of the  glucose 
metabolism as the cause of the dumping syndrome 
[6]. At that time, his theory was generally rejected. 
Other investigators did not retrace the relation 
between blood sugar and resulting symptoms. 
Today the pathogenesis of late dumping is still 
unclear: It has been suggested that the quicker 
influx of undigested carbohydrates into the small 
bowel leads to rapid absorption and  therefore 
causes high blood sugar levels that cause an exager-
rated insulin response. Retrospectively, Glaessner’s 
theory  on the pathophysiology of late dumping 
must be confirmed at least for the most parts. 
Further, this flood of glucose seems to trigger a 
surge in incretin secretion, thus additionally induc-
ing a further insulin secretion. Consequently, blood 
glucose falls to hypoglycaemic levels [22–25] at 
times to the point of loss of consciousness or even 
cerebral cramps in extreme cases. Symptoms 
include perspiration, palpitations, hunger, weak-
ness, confusion, tremor and syncope. The hypogly-
caemia-induced graving for sweets explains at 
least in parts the often observable weight regain in 
bariatric patients with late dumping syndrome. 

Interestingly, the symptoms do not occur 
immediately after surgery, but appear mostly 
after a few years. In our overall collective of 
patients suffering from late dumping syndrome 
over the last 2  years (n  =  88), the time elapse 

from primary surgery to appearance of symptoms 
is 50.15 ± 26.77 (range 15–106) months. Again, 
this timely inhomogeneity represents the wide 
spectrum of this entity (Table 36.1).

 Diagnosis

 Sigstad Dumping Score [10]

The “Sigstad Score” is an important and evaluated 
diagnostic tool. Patients have to answer 16 questions 
about their present symptoms. Each symptom has a 
numeric rating, which is calculated as score at the 
end. A dumping syndrome is likely if the score is 
above 7, and very unlikely if it is below 4 (Table 36.2).

 Oral Glucose Tolerance Testing 
(OGTT)

  In the here pesented own  results the OGTT is 
performed with 75 g of glucose. Within the last 
2  years we have discovered 72 patients with 
resulting hypoglycaemia during OGTT out of 88 
patients with a previous elevated Sigstad Score 
(87.8%). Serum insulin was measured 
 simulanteously with the glucose samples at 0, 30, 
60, 90, 120, 150 and 180 minutes. After oral glu-
cose challege, hypoglycaemia  had occurred 
mostly between 90 and 180  minutes and often 
lasted more than 30 minutes, so that individual 
patients might  have presented with more than 
one documented  hypoglycaemic value during 

Table 36.1 Symptoms of the dumping syndrome

Early dumping Late dumping
Vaso-motorical 
disturbances

Vasovagal 
disturbances

Hyperinsulinemic 
hypoglycaemia

Gastrointestinal 
symptoms

Systemic 
symptoms

Perspiration

Abdominal pain, 
cramps

Desire to lie 
down after a 
meal

Hunger

Gas bloat Tachycardia Weakness
Early satiety; 
feeling full

Palpitations Confusion

Borborygmi Hypotension Tremor
Diarrhoea Perspiration; 

flushing
Syncope

36 Dumping Syndrome
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measurement. (n=35 at 90  minutes/n=42 at 
120 minutes). A peak was observable at 120 min-
utes. With a lower frequency hypoglycaemia did 
not occur until after 150 or 180 minutes (n=19 at 
150  minutes/n=12 at 180  minutes). Prior to 
OGTT, the  HOMA-IR  (homeostatic model 
assessment), which (HOMA-IR) is a marker of 
insulin resistance was determined in all patients 
[26–28]. The  medium value was 1.23  ±  0.61 
(range 0.3–2.9). This  demonstrated that an 
obscure insulin resistance does not appear to 
cause the resulting exaggerated insulin output 
after oral carbohydrate intake. Only 9 patients 
showed a HOMA-IR above 2.0 (12.5%), whereas 
in 32 patients, the HOMA-IR was ≤1.0 
(44.45%). Almost none of the patients had diabe-
tes before the bariatric surgery (6/88).

 HOMA-IR Valuation (According 
to the Local Lab) (Table 36.3)

• HOMA-IR  =  insulin (fasting insulin, μU/
ml)  ×  blood glucose (fasting glucose, mg/
dl)/405 or

• HOMA-IR  =  insulin (fasting insulin, μU/
ml)  ×  blood glucose (fasting glucose, 
mmol/l)/22.5

Medium fasting glucose was 79.03  ±  6.56 
mg/dl and therefore represents a value in regular 
ranges. According to the AWMF guidelines, the 
120 minutes value is crucial in determining the 
diagnosis of diabetes. In case this value is above 
140 mg/dl, there is a suspicion of diabetes. In the 
collective  shown, the average value after 
120 minutes was 47.63 ± 19.03 (range 14–113) 
mg/dl, and non of the individual values was in 
diabetic ranges. Medium fasting insulin was 
6.91  ±  4.14 μU/ml (norm  range: 5–30 μU/ml). 
From this normal level insulin exaggerated to a 
medium of 144.23 ± 101.55 (range 17.76–430.2) 
μU/ml after 30  minutes and 174.71  ±  147.86 
(range 19.65–635.3) μU/ml after 60 minutes. An 
insulin  value above 100 μU/ml  was classified 
hyperinsulinaemic. After 30 minutes 43 patients 
showed elevated insulin values, and after 60 min-
utes 47 patients were hyperinsulinemic, whereas 
after 90  minutes only 10 of 72 insulin values 
were above 100 μU/ml (Fig. 36.1). The evalua-
tion of this case series shows that diabetes seems 
not to play a role in the development of hyperin-
sulinaemia and the late dumping syndrome.

 Continuous Glucose Monitoring 
(CGM)

The CGM continuously measures and displays 
interstitial glucose levels  over several days under 
“real-life” conditions. It has been shown to be a use-
ful tool for the establishment of  diagnosis and 
the management of exceptional glycaemic fluctua-
tions in patients with diabetes and diabetic comor-
bidities, as well as in patients  with blood sugar 
abnormalities after gastric and bariatric surgery. 
CGM reveals hypoglycaemic episodes in real-time 
and can also be used to monitor treatment success 
[29–33]. Firstly in 2010, Hanaire et al. described the 

Table 36.2 Numeric rating with the Sigstadt score

Symptoms
Numeric 
rating

Shock +5
Fainting, syncope, unconsciousness +4
Desire to lie or sit down +4
Breathlessness, dyspnoea +3
Weakness, exhaustion +3
Sleepiness, drowsiness, apathy, falling 
asleep

+3

Palpitation +3
Restlessness +2
Dizziness +2
Headaches +1
Feeling of warmth, sweating, pallor, 
clammy skin

+1

Nausea +1
Abdominal fullness, meteorism +1
Borborygmus +1
Eructation −1
Vomiting −4

Table 36.3 Valuation of HOMA-IR

Stage HOMA-IR Conclusion
1 <2 Insulin resistance unlikely
2 2.0–2.5 Clue to insulin resistance
3 2.5–5.0 Very likely insulin resistance
4 >5.0 Average value in diabetic 

individuals
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use of the CGM to diagnose a hypoglycaemia origi-
nating from a late dumping syndrome after bariatric 
surgery, which was not detectable during a 72-hour 
fasting test [34]. As postprandial glycaemic fluctua-
tions occure rapid and show large deviations, they 
can go undetected, if blood glucose is not measured 
during the episode  itself [34]. Halperin et  al. 
reported a 90% sensitivity and 50% specificity of 
CGM for the detection of  clinically significant 
hypoglycaemia, compared to 33% sensitivity and 
40% specificity for mixed meal tolerance test 
(MMTT), proved in ten patients with a history of 
post-gastric bypass neuroglycopenia [35]. CGM is 
also a valuable diagnostic test not only for symp-
tomatic hypoglycaemic patients, but also for the 
identification of those patients who remain asymp-
tomatic at low glucose levels. Vidal et al. reported 
that 12.5% of asymptomatic patients on CGM had 
hypoglycaemia (glucose <50  mg/dl) [36]. 
Additionally,  Hanaire et  al. revealed important 
pathophysiological mechanisms with CGM: The 
time to the postprandial peak of maximal interstitial 
glucose (IG) was significantly shorter in operated 
patients (42.8 ± 6.0 min) than in diabetic controls 
(82.2 ± 11.1 min, P = 0.0002), as were the rates of 
glucose increase to the peak (2.4 ± 1.6 vs. 1.2 ± 0.3 
mg/mL/min; P = 0.041). True hypoglycaemia (glu-
cose <60 mg/dL) was rare in this trial: the symp-
toms were probably more related to the speed of IG 
decrease than to the glucose level achieved [37]. 
Nielsen et  al. reported that CGM was a valu-
able method for demonstrating increased glycaemic 
variability among 13 Roux-en-Y gastric bypass 
individuals, and for displaying the resulting dietary 

effects on reducing this glycaemic variability, 
including real hypoglycaemic events. In RYGB 
individuals, CGM-measured interstitial fluid glu-
cose (IGF) overestimated the real glucose value by 
about 1 mmol/l in the hypoglycaemic range. This 
should be taken into consideration if CGM is used 
to diagnose hypoglycaemia after RYGB [31].

In the collective presented here, the CGM was 
useful to identify those patients who had an path-
ological altered OGTT and were in need of a fur-
ther treatment. During the 7-day CGM 
measurement, 59 of these  patients showed 
a treatment-requiring hypoglycemia. 

 Mixed Meal Tolerance Test (MMTT)

In 1982, Buss et al. reasoned that the OGTT has 
its  limitations for the diagnosis of reactive hypo-
glycaemia. They stated that except under the 
 conditions of an OGTT, a pure nutritional carbohy-
drate intake is rare [38]. The MMTT is the gold 
standard in paediatrics to measure the residual 
insulin production in patients with type 1 diabetes 
mellitus. However, a full MMTT is predominantly 
used in research and rarely performed in routine 
clinical practice, due to the intensity of sampling 
[39]. The question was and still is, whether the 
MMTT provides a more realistic clinical picture of 
the risk of post-surgery hypoglycaemia than the 
OGTT, which may overestimate the hypoglycae-
mic reaction during examination. The answer came 
last year from an Austrian working group that com-
pared results of the MMTT with the CGM [40]. It 
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has been shown that the CGM can reliably and sig-
nificantly detect more hypoglycemic episodes than 
MMTT, even without oral stimulation or a carbo-
hydrate challange. This working group stated that 
assessed under real-life conditions, post-RYGB 
hypoglycaemia was found more frequently than 

expected by CGM. The CGM revealed hypogly-
caemic episodes in a staggering 75% of the patients, 
while MMTT had a much lower detection rate of 
only 29% [40]. CGM also detected nocturnal hypo-
glycaemic episodes in 15 (38%) of the patients. 
Consistend with this are Halperin et  al. findings, 
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which demonstrated  a very  low sensitivity of 
33%  and low specificity of 40%  for the MMTT 
[35]. This clarified that a MMTT definetily and sig-
nificantly underestimates the presence of hypogly-
caemia, although there is a monitored oral nutrition 
intake during examination.

 Scintigraphy

In comparison to gastric emptying of the physio-
logical stomach, pouch-emptying scintigraphy has 
no defined clearing rates yet. With our interven-
tional group a pouch-emptying scintigraphy was 
implemented prior to the invasive revision of the 
gastroenterostomy. A correlation between the 
rapid pouch emptying within a few minutes and 
the symptoms of dumping could be demonstrated. 
For this examination, a semisolid test meal, 
enriched with Tc99,  was  used. This examina-
tion  was performed not only  prior to sheduled 
revisional surgery, but as well as 4 weeks after the 
surgical or endoluminal revision of the anastomo-
sis  to objectify a post-interventional delay of the 
influx into the alimentary limb. So far these data 
have not yet been published (Fig. 36.3).

 Differential Diagnosis

Since dumping syndrome is a well-known 
complication after gastric surgery, the diagnos-

tic approach must still exclude other causes for 
the abovementioned symptoms. Especially in 
the case of late dumping syndrome with recur-
rent hypoglycaemia, differential diagnosis 
includes carcinoid syndrome, VIPoma and 
insulinoma. In suspected carcinoid syndrome, 
an initial test is the 24-hour urine levels of 
5- hydroxyindoleacetic acid. Further MR imag-
ing of the pancreas and evaluation of serum 
chromogranin A is mandatory to exclude 
insulinoma.

Cardiovascular disease, diabetes mellitus, 
vitamin deficiency and neurological disease 
may be other causes for tachycardia, dizziness 
or syncope, which may also occur  in early 
dumping. Gastrointestinal differential diagno-
sis include abnormal contractions of the duct 
(tract spasms), afferent loop syndromes, bowel 
obstruction, lactose intolerance, celiac disease, 
gastroenteric fistula, bacterial or viral colitis 
and inflammatory bowel disease, pancreatic 
insufficiency (steatorrhea) and small intestinal 
bacterial overgrowth.

 Therapy

Since current data offer little scientific evi-
dence for existing therapeutic algorithms, 
there is no established  consensus for these 
guidelines yet.

Fig. 36.3 Scintigraphy of the pouch emptying. Male patient, 
32 years, RYGB 5/07, suffering from dumping since 
8 months, pouch emptying prior and after endoluminal revi-

sion of the dilated pouch outlet. The scintigraphy showed a 
decelerated pouch emptying after intervention. Post-
interventional, the patient was free of symptoms
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 Nutritional Amendment

Currently, a gradual conservative therapy is recom-
mended. Diet changes should be made towards 
more frequent meals, with reduced carbohydrates 
and increased protein and fiber content [25, 41]. 
Patients are advised to eat smaller dishes up to six 
times per day. Food and drink must be strictly seper-
ated to avoid fast washing out of the food from the 
pouch toward the small bowel. A further  general 
recommendation is the  use of  viscous food addi-
tives to increase consistency of the nutrition, such as 
psyllium, guar gum or pectin. This may addition-
ally delay gastric emptying. If dietary measures prove 
unsuccessful, drug therapy should be initiated.

 Drug Therapy

 Acarbose
Acarbose, an alpha-glucosidase inhibitor, 
that diminishes the indigestion and resorption of 
carbohydrates and is therefore actully the first step 
treatment of choice in late dumping syndrome 
[42–44]. Its efficacy in hyperinsulinemic hypogly-
caemia has been confirmed in several studies. The 
downside  of this drug remains the occurrence 
of troublesome and hampering side effects, some 
of which can lead to extensive flatulence and diar-
rhoea, due to the maldigestion of carbohydrates. 
The permanent use of this drug mostly  requires 
supernatural adherence of the patients.

 Calcium Antagonists
The effect of calcium antagonists such as vera-
pamil has been proven in patients with insulin-
oma and could be a treatment option in late 
dumping syndrome [43].

 Potassium Channel Activator
Another possible treatment option could be the 
potassium channel activator diazoxide [45, 46]. 
Diazoxide activates adenosine triphosphate (ATP)-
sensitive potassium channels (KATP channel) in 
the pancreatic beta cells, which results in the inhi-
bition of the calcium-dependent insulin release. It 
is used in hypoglycaemic states of diverse aetiolo-
gies, including islet cell tumours and glycogen 
storage disorders. As well as that, it is also an 

important therapeutic modality in malignant and 
metastatic insulinoma, in non- localizable tumours, 
when surgery is out of option. Thondam et  al. 
described the effectiveness of diazoxide in three 
patients [45]. Other case reports can be found [46].

 Somatostatin Analogs
Somatostatin analogs [47–50] are applied as treat-
ment option of choice for severe early and late 
dumping syndrome. It is known, when adminis-
tered to delay gastric emptying, to extend bowel 
transit, to diminish postprandial vasodilatation as 
well as to reduce the release of peptide hormones 
such as insulin. The short-acting drug octreotide 
is well known in its use after pancreatic sur-
gery  and can be used for the treatment of  late 
dumping sndrome  as well. With its half- life of 
2–3  hours, it has to be administered subcutane-
ously 3–4 times a day (50–100 μg). Long-acting 
somatostatin analogs, such as pasireotide (half-
life 11 h), may be more promising and lead to a 
better adherence of the patients [51]. Mild side 
effects of somatostatin analogs include pain, red-
ness, and swelling at the injection site. Major side 
effects are fast, slow or irregular heartbeat, fruit-
like breath odour, muscle cramps and stiffness, 
and in 10–50% development of gallstones.

 GLP-1 Analogs
Due to treatment failure and side effects of cur-
rently used drugs, Abrahamson et al. already pub-
lished a novel treatment option of postprandial 
hypoglycaemia following RYGB with glucagon- 
like peptide 1 (GLP-1) analogs and reported a 
protective effect of GLP-1 analogs on pronounced 
symptoms of postprandial hypoglycaemic epi-
sodes in five patients [52]. We have used GLP-1 
analogs for the last 2 years in patients with con-
firmed late dumping syndrome instead of octreo-
tide, with amazing success. 60–70% of patients 
improved significantly or were even completely 
free of symptoms after application. Figure  36.4 
a, b: CGM prior, and with GLP- 1therapy).

 Surgical Therapy

For patients who do not respomd to diet or drug 
therapy, surgery should be considered.
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 Endoluminal Revision 
of the Gastroenterostomy
Following the idea that a tighter pouch outlet 
diminishes pouch emptying  with effect on the 
umping syndrome, a constriction of the gastroen-
terostomy (outlet reduction) may be performed. 
Today, the endoluminale suture of a dilated outlet 

remains the procedure of first choice with prom-
ising results. With this technique, initially the 
gastral musosa near  the anastomosis  is ablated 
circular from a proximal position with an argon 
plasma coagulator. The  actual tool is a double- 
lumen endoscope, armed with a round-needle 
(overstitch) and a Prolene thread,  thus enabling 
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endoluminale full-thickness suturing. The anas-
tomosis is sutured above the alimentary limb to 
tighten the pouch outlet and redirect the chyme 
towards the blind end of the anastomatised upper 
jejunum during pouch emptying. This procedure 
is less invasive than the laparoscopic approach. A 
trial revealed a postoperative pain level of 0.46 
out of 10 possible point of the visual pain scale 
[53] (Fig. 36.6).

 Laparoscopic Restoration of Gastric 
Restriction with Implants
Aiming the same goal – the restoration of gastric 
restriction  – band-like  implants or a silastic ring 
may be applied [54, 55]. Extraluminal restriction 
with a band-like implant limits the pouch extension 
and diameter during ingestion and therefore con-
fines nutrition intake and retards influx into the ali-

mentary limb. With band-like implants, overeating 
is unfavourable. This leads to imperative vomiting 
as well as excess pressure towards the implant and 
therefore to the risk of migration (Fig. 36.7).

 Laparoscopic Reversal of Roux-en-Y 
Gastric Bypass with Reinstallation 
of Pyloric Function
In some desperate cases without  response to any 
treatment, some  surgeons perform a reversal- 
RYGB.  This  restoration of the natural anatomy 
intents the re-installation of the pyloric allocation 
function to avoid the impeded passage into the 
small bowel. The possible simultaneous conversion 
to sleeve gastrectomy should prevent weight regain, 
but is coupled with a higher peri- operative risk 
[56]. However, proper pyloric function is not guar-
anteed after previous gastric surgery (Fig. 36.8).

Hypoglycemia Gastrointestinal Symptoms 
Systemic symptoms

Increased release of vaso-active metabolits 
Increased release of GI-hormones

Rapid gastric emptying and quick influx of chyme
into the small bowel

Status after surgery of the upper GI-tract

Octreotide
GLP—1Agonist 

Diazoxide
Octreotide

GLP—1Agonist 
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Increase of meal consistency with
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guar gum 

Hyperinsulinemia
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Fig. 36.5 Pathophysiology and medical treatment options [24]. (Modified according to a figure of “Pathophysiology, 
diagnosis and management of postoperative dumping syndrome”, Tack J et al.)

a b c

Fig. 36.6 (a–c) Endoluminal revision of the enlarged 
gastroenterostomy, female  patient with confirmed late 
dumping syndrome, who responded neither to diet nor to 

drug therapy; 46y, RYGB 2008. (a) Preoperative. (b) 
During surgery. (c) Result with remnant swelling from 
APC application
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In isolated cases of persistent treatment fail-
ure, even partial and total pancreatectomy has 
been described in the literature [57]. Only few 
individual surgeons attempted this disintegrat-
ing therapeutic approach. It is hoped that these 

reports remain isolated narratives of the past 
(Fig. 36.9).

The dumping syndrome, especially mani-
fested late dumping, was and remains a treatment 
challenge. Due to the increasing incidence, more 
attention has to be paid to that entity.
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Endoscopic Treatment of Roux- en- Y 
Gastric Bypass Complications

Lyz Bezerra Silva, Gabriel Tavares Xavier Simplicio, 
and Josemberg Marins Campos

 Introduction

The increasing prevalence of obesity leads to a 
rise of bariatric surgery procedures. Although 
bariatric surgery has been associated with a low 
morbidity, some outcomes are still of concern. 
Revisional surgery and reoperations increase 
incidence of adverse events after bariatric sur-
gery. Therefore, bariatric endoscopy aims to treat 
these complications with endoluminal minimally 
invasive procedures.

Literature about devices like dilation balloons, 
clips, endoluminal suture, endoscopic scissors, 
and stents has been growing in the last years. This 
chapter aims to describe the role of bariatric endos-
copy in diagnostics and treatment of complica-
tions after Roux-en-Y gastric bypass (RYGB).

 Anastomotic Stricture

Gastrojejunal anastomotic stricture is one of the 
most common complications after RYGB and is 
diagnosed when the anastomotic lumen diameter 
is <10  mm, making it difficult for a standard 
endoscope (9.8 mm) to pass through. The main 

presenting symptom is dysphagia, usually occur-
ring after solid food introduction. The suggested 
etiologies include ischemia, gastric hypersecre-
tion, foreign body reaction to staples, and anasto-
motic surgical technique [1].

Upper gastrointestinal endoscopy is the diag-
nostic and therapeutic method of choice. In cases 
of early stenosis, occurring within the first week 
after surgery, initial administration of corticoste-
roids can reduce anastomotic edema and obstruc-
tive symptoms; when this approach fails, 
endoscopic therapy is indicated. Balloon dilation 
should be performed with caution, using low 
inflation pressure to reduce perforation risk [1, 2].

Initial treatment can be performed using TTS 
(through the scope) hydrostatic balloons, with 
increasing diameters up to a maximum of 15 mm 
when inflated [1]. Subsequent balloon dilation 
sessions up to 20 mm should be used as needed. 
This approach reaches success in 98% of cases, 
in a mean of 1.7 sessions per patient, with com-
plication rate of 2.5%, mostly perforations and 
bleeding [1, 3]. In cases of failure associated with 
fibrotic tissue, an endoscopic stricturotomy can 
be performed using needle knife, followed by 
balloon dilation [4].

 Food Impaction

Food impaction may occur after RYGB; it may 
be associated with the use of surgically implanted 
restrictive ring due to its slippage or erosion, 
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dietary noncompliance, gastric pouch, or 
 gastrojejunostomy stenosis. Clinical presentation 
is consistent with upper gastrointestinal obstruc-
tion, involving nausea, retrosternal pain, epigas-
tric discomfort, and postprandial vomiting. 
Endoscopy can be used for diagnosis and imme-
diate treatment [5].

An endoscopic retrieval basket is the most 
commonly used accessory for foreign body 
removal. When it is difficult to remove the frag-
ments orally, retained residues can be gently 
pushed into the distal jejunal loop, passing the 
restriction point. It is advised to use minimal 
sedation during the procedure, due to a poten-
tially increased risk of aspiration of gastric con-
tents. This risk can be prevented by undertaking 
the procedure under general anesthesia after 
endotracheal intubation with or without the use 
of an overtube. It is also strongly advised that 
after resolution of symptoms, the etiology of the 
narrowing is investigated and resolved [5].

 Marginal Ulcer

Marginal ulcer may occur either early or late in 
the postoperative period of RYGB, and the inci-
dence rate is up to 16%. The pathophysiology is 
associated with mechanic and ischemic factors 
and seems to have a multifactorial etiology, 
including tobacco and alcohol consumption, non-
steroidal anti-inflammatory drug (NSAID) usage, 
H. pylori infection, leaks, and foreign bodies. 
Ulcers are more common at the jejunal side of the 
GJA, with varying size and depth [6–9]. The 
patients are commonly asymptomatic, but the 
main symptoms include epigastric pain, nausea, 
chest complaints, and obstructive symptoms 
caused by the inflammatory edema [6–9].

The upper GI endoscopy investigation con-
firms the diagnosis. Any foreign bodies, such as 
visible sutures and staples, should be removed 
to improve ulcer healing and treatment should 
include proton pump inhibitor and sucralfate 
prescription [6–9]. Gastroscopy should be 
repeated to ensure healing [9]. Ulcers can cause 
strictures due to fibrotic scar formation, and 
these can be treated through stenotomy and bal-

loon dilation [3]. Prophylaxis with acid sup-
pression after surgery is being increasingly 
used with the aim to prevent marginal ulcer. 
However, no consensus exist about the duration 
of the prophylaxis, usually varying from 
30  days to 2 years, with some recommending 
lifelong usage [10].

 Ring Complications

 Intragastric Erosion

The incidence of intragastric ring erosion varies 
from 0.9% to 7%, occurring slowly with an 
inflammatory capsule formation that prevents 
leakage of gastric contents into the peritoneal 
cavity. Most common symptoms are nausea, 
vomiting, bleeding, and weight regain, and 15% 
of patients are asymptomatic [9].

Endoscopic evaluation should be performed 
and may show the ring inside the gastric pouch. 
The eroded ring should be removed using endo-
scopic scissors to section the ring. In cases of 
failure in cutting the ring, a gastric band cutter or 
lithotripter may be used. However, in early 
stages, an ulcer at the erosion site can be the only 
visible sign. In this case, PPIs should be pre-
scribed until complete ring erosion, with endos-
copy surveillance performed. In cases of early 
migration, if the ring has only a small area of 
intragastric erosion and is adherent to the gastric 
pouch wall, a dual channel device can also be 
used. This allows the introduction of a foreign 
body grasping forceps for traction, for better ring 
exposure. The other channel can then be utilized 
to pass an argon ablation catheter to divide the 
ring, or even scissors. Treatment should be sched-
uled as soon as possible, due to the risk of gastric 
wall bleeding or food impaction [10].

 Ring Slippage

Ring distal displacement is a rare complication 
associated with a gastric pouch longitudinal axis 
angulation and proximal gastric dilation, leading 
to progressive obstructive symptoms, including 
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vomiting, eructation, weight loss, malnutrition, 
and dehydration [10].

Diagnosis can be elucidated with contrast 
x-ray, showing an area of contrast retention, and 
endoscopy, which may show food stasis and 
mucosal folds convergence, caused by the jejunal 
obstruction just beneath the anastomosis [10]. 
Surgical approach in this situation increases the 
risk of perforation and bleeding, due to gastric 
pouch peritoneal adherences [11].

Management can be done through endoscopic 
30 mm achalasia balloon dilation that promotes 
stretching or rupture of the ring and fibrotic 
bands, relieving symptoms with low morbimor-
tality and complication rate; however, weight 
regain may be an important complication [10]. 
Stent placement can also be used, especially if 
symptoms persist, in order to induce an inflam-
matory/ischemic reaction around the ring, lead-
ing to intragastric erosion, with stent and ring 
removal after approximately 2 weeks. A fibrotic 
scar tissue forms in the ring erosion area, restrict-
ing the pouch diameter, with better weight con-
trol when compared to dilation [12–14].

 Leaks after RYGB

The incidence of leaks after bariatric surgery has 
been decreasing in the last years, but the high 
morbimortality associated with this complication 
still concerns bariatric surgeons. After RYGB, 
most leaks occur at the gastrojejunostomy and 
angle of his. Ischemia, excessive tension, and 
technical factors are associated with the patho-
physiology. Fistulas can be formed to the gastric 
remnant, resulting in a gastrogastric fistula that is 
associated with weight regain [15].

Leaks are classified according to the time of 
onset (acute <7  days; early <6  weeks; late 
6–12 weeks; chronic >3 months) [16]. In acute/
early leaks, the clinical presentation includes 
tachycardia, abdominal pain, fever, leukocytosis, 
and SIRS criteria [17]. The chronic inflammatory 
response leads to development of distal stenosis 
and a fibrotic septum between the perigastric fluid 
collection and intraluminal cavity, factors associ-
ated with perpetuation of leaks [12, 18, 19].

Endoscopic initial exam allows early diagno-
sis, evaluation of leak anatomy and associated 
strictures, and can be a therapeutic option. 
Clinical approach includes broad-spectrum anti-
biotic therapy and fluid resuscitation; after that, 
specific measures are taken. Revisional surgery is 
usually associated with elevated morbidity and 
mortality. The endoscopic management should 
be considered the first-line therapeutic option in 
hemodynamically stable patients due to decreased 
invasiveness [4, 15, 18, 20–27].

Endoscopic therapy has the aim of solving the 
three main issues perpetuating the leak: distal 
gastric stricture, increased intragastric pressure, 
and fistulous tract persistence [19]. Several pro-
cedures have been reported in the literature, 
including closure (stenting, clips, glues, and 
endoluminal suture) and internal drainage meth-
ods (septotomy with balloon dilation, endoscopic 
vacuum therapy (EVT), and pigtail drain) [20–
24, 26–35].

Treatment choice is made according to time of 
onset, divided in four phases (Table 37.1).

In acute and late leaks, self-expandable metal-
lic stents (SEMS) promote leak orifice occlusion 
and correction of axis deviation and distal stric-
tures, decreasing intraluminal pressure, which 
leads to leak closure [15, 26, 28–30, 36, 37]. 
Stents should be removed in up to 6 weeks, which 
is usually enough to correct strictures and devia-
tions, with lower migration and easier removal 
[18] (Fig. 37.1). After initial leak control, stent is 

Table 37.1 Endoscopic algorithm approach of bariatric 
surgery leaks according to the time of development

Onset time Treatment
Acute 
(<07 days)

“Stent” (or EVTa)

Early 
(7–45 days)

“Stent” or “pigtail” (or EVTa or 
septotomy + balloon dilationb)

Late 
(1.5–03 months)

Septotomy + balloon dilation 
(“stent”c or “pigtail” or EVTa)

Chronic 
(>03 months)

Septotomy + balloon dilation (or 
EVTa)

aEndoscopic vacuum therapy can be done in centers with-
out advanced bariatric endoscopy services
bSeptotomy + balloon dilation should be performed in 
early fistulas with fibrotic septum
cSEMS should be used in late fistulas associated with 
leakage of gastric content
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removed even if complete orifice closure is not 
achieved. When needed, endoscopic treatment 
continues through septotomy, stenotomy, and 
balloon dilations, which will usually lead to com-
plete fistula closure [18].

The placement of a double pigtail stent 
through the fistulous tract, communicating the 
perigastric collection and intraluminal cavity, 

creates an internal drainage system (Fig. 37.2a, 
b). The foreign body reaction also induces tissue 
reepithelization. This therapy has been described 
with high success and low complication rate in 
some series, especially in cases of smaller leaks 
(<10 mm) [22, 25, 38].

Other endoscopic approaches include usage of 
endoscopic clips, biologic glue, and tissue seal-
ants, with controversial results [35, 36]. 
Endoscopic vacuum therapy has also been 
described [21, 35, 39].

For late and chronic leaks, endoscopic multi-
modal treatment is usually done through multiple 
sessions using different techniques. When there 
is a septum adjacent to the fistulous orifice, sep-
totomy is performed, decreasing flow of gastric 
contents through the fistula [27] (Fig.  37.3). 
Septotomy is done with needle knife or argon 
plasma coagulation (associated to less bleeding), 
followed by balloon dilation, that reduces the 
intraluminal pressure and facilitates the internal 
drainage. This therapy has been associated with 
high success rate in cases of late and chronic fis-
tulas [20, 33, 34]. When there is stenosis and 
fibrotic tissue associated, stenotomy associated 
to balloon dilation may be used. This endoscopic 

Fig. 37.1 Endoscopic view of a partially covered self- 
expandable stent at time of removal. In this image it is 
possible to see the mucosal ingrowth that makes removal 
of this kind of stent more difficult

a b

Fig. 37.2 (a) Endoscopic view of a double pigtail stent 
placed in a RYGB fistula. To the right of the image, it is 
possible to see the septum and the gastric pouch. (b) 

Endoscopic view of balloon dilation of gastric pouch aim-
ing to reduce intragastric pressure and lead flow of gastric 
contents away from the fistula
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therapy can be performed on an outpatient basis, 
with low morbidity and mortality and better qual-
ity of life. The correction in flow of digestive 
contents will eventually lead to leak closure [20, 
33, 34]. Stents can be used in selected cases, 
especially when there are anatomical defects or 
gastric content leakage. Internal drainage with 
double pigtail stent can be performed in late fistu-
las associated with long fistulous tract and peri-
gastric abscess [25, 38].

Endoscopic vacuum therapy has also been 
described, with a high success rate. However, the 
EVT is associated with an elevated number of 
procedures to exchange the device [21, 35, 39].

 Endoscopic Treatment of Weight 
Regain

Weight regain is a long-term complication of 
RYGB that involves genetic, psychologic, and 
behavioral factors. The gastrojejunostomy and 
gastric pouch enlargement have been shown to 
contribute to weight regain [40, 41]. Ramos et al. 
showed that in a 2-year follow-up, gastrojejunos-
tomy diameter of 15 mm presented better weight 
loss outcomes when compared with 45 mm gas-

trojejunal anastomosis [42]. Traditionally, revi-
sional surgery is the treatment of weight regain, 
which itself increases postoperative complication 
rates and 13% require an additional surgical 
intervention, with an even greater adverse out-
come rate. In this context, bariatric endoscopy 
has been demonstrated as a viable approach for 
weight regain with fewer complications [41].

The most relevant aspects of weight regain 
after RYGB treated by endoscopy are large gas-
tric pouch and gastrojejunal anastomosis dila-
tion. However, other complications may be 
inducing the patient to gain weight, such as 
 gastrogastric leaks, ring slippage or stricture, and 
stenosis [43]. Chronic stenosis causes food intol-
erance and leads to patient selection of most 
appealing foods, which are usually carbohy-
drates, sweets, and caloric liquids, which pass 
easily through the stricture.

The necessity of less invasive and morbid pro-
cedures to approach weight regain led to develop-
ment of transoral outlet reduction techniques that 
include sclerotherapy, clipping, ablation, and 
suturing.

Argon plasma coagulation (APC) is a noncon-
tact electrocoagulation method that results in 
superficial thermal coagulation and induces an 
inflammatory and fibrotic response. This fibrotic 
response can reduce the diameter of anastomosis 
when applied at dilated gastrojejunostomy [44, 45].

APC can only be employed to narrow the 
anastomosis, and it is not indicated in cases of 
enlarged pouch. To produce the desired effect, 
the argonium should be passed circumferentially 
at the gastrojejunostomy (Fig. 37.4). The proce-
dure duration is approximately 5–10  min and 
hospital stay 30–60 min [45]. The cost is low and 
doesn’t require an advanced center to perform the 
procedure, with sedation being the means of 
anesthesia [45].

The initial edema and inflammatory response 
cause immediate gastric restriction. This effect 
decreases over the time and fibrosis replaces the 
edema. More than one session is usually neces-
sary to achieve long-lasting effects. The diameter 
reduction delays gastric emptying and may cause 
early satiety, improving weight reduction. A 
recent multicentric study showed that patients 

Fig. 37.3 Endoscopic view of leak orifice (left), septum, 
and gastric pouch (right), before septotomy
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with weight regain after RYGB submitted to APC 
therapy can present 6–10% of total weight loss at 
12  months, and this therapy achieves a signifi-
cantly gastrojejunostomy diameter decrease [45]. 
However, complications can occur after APC 
therapy. One of the possible complications is 
anastomotic stricture that can reduce by itself or 
be treated with endoscopic balloon dilation. GJ 
ulcer, melena, and vomiting have also been 
reported [44, 45].

The use of endoluminal sutures allows con-
comitant reduction of dilated anastomosis and 
large pouch, performed using an endoscopic 
suture system. Argon plasma coagulation, when 
associated with procedure, leads to better weight 
loss outcomes and can achieve an EWL% of 24.9 
+/− 2.6% after 1 year with a low complication 
rate that includes bleeding, abdominal pain, and 
nausea [41, 46]. The purse-string pattern is a 
recently described technique that results in better 
outcomes when compared to interrupted endolu-
minal stiches [43, 47, 48]. Schulman et al. com-
pared TORe with purse-sting and interrupted 
technique and demonstrated that purse-string 
technique achieves a significantly greater out-
comes in terms of percent total weight loss 
(TWL%) and percent regained weight loss 
(RWL%) [43]. The systolic blood pressure, gly-
cated hemoglobin levels, and ALT levels in 
patients submitted to TORe also show significant 
improvement after 1  year [47]. Adverse events 

following endoluminal stiches include marginal 
ulcer, stricture, and bleeding [43, 47].
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 Introduction

According to the report issued by the International 
Federation for the Surgery of Obesity and 
Metabolic Disorders (IFSO) in 2015, approxi-
mately 86 thousand bariatric surgeries have been 
performed in Brazil, the second most frequent of 
which is laparoscopic gastric bypass. This tech-
nique promotes as much as an 80% loss of excess 
weight in the initial period (18 to 24 months), but 
the long-term failure rate ranges from 10.0% to 
35.0% [1, 2]. The number of bariatric surgeries has 

increased exponentially throughout the world, 
with approximately 40 thousand procedures per-
formed in 1997 and 468,609 performed in 2013 [3, 
4]. According to the Brazilian Society of Bariatric 
and Metabolic Surgery, 100 thousand procedures 
are currently performed per year in the country.

The most common late-onset complication of 
bariatric surgery is the return of obesity, the main 
factors of which are poor eating habits and a sed-
entary lifestyle, which often lead to an increase in 
gastric reserve and dilation of the anastomosis 
[5–8]. An anastomosis less than 10.0 mm causes 
dietary selection due to intolerance or even vomit-
ing and requires endoscopic treatment with dila-
tion in most cases. However, a wide anastomosis 
has been associated with the return of obesity and 
may be associated with diminished satiety [5–8].

Approximately 52.0% of bariatric patients 
have psychiatric disorders associated with eating 
behavior in the preoperative period [3]. The 
reduction in the restriction due to a dilated anas-
tomosis may serve as an additional factor to these 
eating disorders, exerting a direct influence on 
the result of the weight loss. Current discussions 
center on the efficacy and safety of the narrowing 
of the gastrojejunal anastomosis using fulgura-
tion with argon plasma, suturing, and surgical 
procedures in cases of the recurrence of obesity 
after bariatric surgery [3]. The main endoscopic 
procedures to reduce the diameter of the gastroje-
junal anastomosis are overstitch (Apollo 
Endosurgery) and fulguration with argon plasma, 
as described by Aly in 2009 [9].
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 Main Findings and Justification

The return of obesity is associated with a reduc-
tion in quality of life and the recurrence of 
comorbidities [7, 8, 10]. Endoscopic techniques 
have been developed in an attempt to reduce the 
diameter of the anastomosis and consequently 
promote weight loss.

As a consequence of weight regain, abnormal 
anatomic findings are encountered in 71.2% of 
patients: 58.9% with dilation of the gastrojejunal 
anastomosis, 28.8% with dilation of the pouch, 
and 12.3% with both types of dilation [9]. Several 
methods have been proposed to reduce regained 
weight after gastric bypass, such as the endolu-
minal reduction of the gastrojejunal anastomosis 
[endocinch (Bard®, Billerica, Massachusetts, 
USA); restorative obesity surgery endoluminal 
(ROSE) (USGI®, San Clemente, CA, USA); 
StomaphyX (EndoGastric Solutions®, Redmond, 
Washington, USA); OTSC Clip (Ovesco AG®, 
Tubingen, Germany); and Overstitch (Apollo 
Endosurgery® Inc., Austin, TX, USA)] and ful-
guration of the gastrojejunal anastomosis with 
argon plasma [9]. Surgical treatment is performed 
but is associated with a greater occurrence of 
complications and a higher morbimortality rate in 
comparison to endoscopic techniques [3, 11, 12].

 Influence of the Pouch and Dilated 
Anastomosis on Weight Regain

The aim of endoscopic methods for the treatment 
of the anastomosis and pouch is not to exert an 
influence on postoperative weight loss, but rather 
on weight regain after the initial loss when such 
regain is significant [3]. Heneghan et  al. (2012) 
[13] concluded that patients with a “normal” post-
operative anatomy regain less weight than those 
with an altered surgical anatomy, such as an 
increase in the diameter of the gastrojejunal anasto-
mosis. After evaluating 165 patients, Abu Dayyeh 
et al. (2015) [1] concluded that the diameter of the 
anastomosis is a risk factor for weight regain after 
Roux-en-Y gastric bypass (RYGB) and should be 
considered a predictor of weight regain.

In a prospective study involving 130 patients 
submitted to endoscopic exams in the preopera-
tive and postoperative phases for the estimation 
of the size of the gastric pouch and diameter of 
the anastomosis using the diameter of endoscope 
as reference, the authors found no significant 
increase in the gastric pouch or dilation of the 
gastrojejunal anastomosis [14].

Ramos et al. (2017) [15] evaluated the size of 
the gastrojejunal anastomosis and its influence on 
weight loss. This was an elegant, balanced study 
performed in which an anastomosis calibrated at 
15.0 mm demonstrated better results in compari-
son to 45.0  mm in 2 years of follow-up (18), 
since the diameter after endoscopic treatment 
should be between 10.0 and 15.0 mm.

Thompson et al. (2013) [16] demonstrated the 
effectiveness of treatment on the anastomosis in 
cases of the post-bypass recurrence of obesity in 
a controlled prospective study. Several other 
studies have confirmed the efficacy of the treat-
ment of a dilated anastomosis regarding weight 
loss after the return of obesity.

Flanagan (1996) [17] evaluated the influence 
of the size of the gastric pouch and anastomosis 
on weight loss after RYGB during a 49-month 
period. Three hundred eighty patients having 
undergone surgery more than 1 year earlier were 
submitted to upper digestive endoscopy and 
divided into two groups: one with successful 
weight loss (Group A, n  =  175) and one with 
weight regain (Group B, n = 205). Group B had a 
significantly greater occurrence of abnormal 
anatomy than Group A. Moreover, an increase in 
pouch size (length and width) was found in 
Group B, although the difference between the 
two groups was nonsignificant. No difference 
was found in the percentage of weight lost among 
those with a dilated pouch, those with an enlarged 
anastomosis and those with both conditions. The 
author found that there was a step-by-step pro-
gression in the increase in functional pouch vol-
ume, with statistically significant differences 
between time intervals. However, the difference 
in excess weight loss between patients with a 
larger pouch and those with a smaller pouch was 
nonsignificant.
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 Endoscopic Treatment of Pouch 
and/or Anastomosis

Weight recidivism recurs in approximately 20.0% 
of patients submitted to gastric bypass. The main 
factors involved in this recurrence are the inter-
ruption of follow-up with the multidisciplinary 
team and failure on the part of the patient to 
maintain adequate nutritional and lifestyle behav-
iors [1, 3]. Therefore, it is important to establish 
a balance in terms of diet, behavior, physical 
activity, and the control of anxiety as the basis of 
treating obesity. This is the first goal of treatment, 
especially for patients submitted to surgical pro-
cedures for the control of obesity [3].

Surgery is currently the best treatment option 
for morbid obesity. Therefore, the first criterion 
evaluated for the inclusion of a patient to undergo 
endoscopic treatment of the anastomosis is fol-
low- up with a specialized multidisciplinary team 
[1]. Other important aspects include the time 
elapsed since surgery and endoscopic changes in 
the pouch and anastomosis. The weight loss 
curve after gastric bypass occurs in the first 2 
years, with an acceptable variation of up to 5.0%. 
Therefore, weight regain after surgery is consid-
ered beginning at 10.0% of the nadir (surgery 
weight – minimum weight = nadir) [3, 14].

The most important aspects for the indication 
of endoscopic treatment are a large gastric pouch 
and gastrojejunal anastomosis. However, other 
concomitant findings may lead the patient to 
inadequate food intake [18]. Gastrogastric fistu-
las may promote the recurrence of the disease 
due to the reconnection with the excluded portion 
of the stomach.

Another important condition to consider is 
stenosis of the anastomosis or due to the presence 
of a containment ring, which is currently in dis-
use, but was widely employed in past, and many 
patients have such rings [19–21]. Chronic steno-
sis causes a condition of dietary intolerance in 
which the patient avoids particular foods [22]. As 
such patients have difficulty ingesting solid foods 
due to the obstruction mechanism, they tend to 
select carbohydrates, sweets, and fluids, which 
are poor in terms of nutrition and calories [14]. 

Thus, treatment in cases of a containment ring 
with symptoms of food intolerance is the removal 
of this foreign body. In the case of stenosis of the 
anastomosis, dilatation with a balloon or stenos-
tomy should be performed, and in cases of slip-
page or food intolerance due to the ring, the use 
of an achalasia balloon or prosthetic should be 
the endoscopic treatment of choice [3].

It is imperative to know the standards of nor-
mality and the figures that are considered ideal 
for the size of the pouch and gastrojejunal anasto-
mosis. A normal postoperative pouch size is 4.0 
to 7.0 cm in length and <4.0 cm in width [15]. A 
long, narrow pouch provides a greater sensation 
of satiety compared to a short, wide pouch of the 
same capacity, at least in theory [15]. Therefore, 
a pouch with length of 4.0 to 7.0 cm would be a 
condition for endoscopic treatment using either 
endosuturing or argon plasma. As a wider pouch 
can hold a larger amount of food, even with the 
ideal anastomosis, the goal in such cases is a 
reduction in its volume, which can be achieved 
with endosuturing, as argon plasma alone cannot 
be used in such cases [15].

As the ideal gastrojejunal anastomosis is 
between 10.0 and 14.0 mm in maximum diame-
ter, an anastomosis less than 10.0 mm leads to the 
patient to select foods that go down easily, and an 
anastomosis larger than 15.0  mm can lead to a 
reduction in satiety and the possibility of ingest-
ing any type and amount of food [14]. A large 
variety of treatments have been used with the aim 
of narrowing the gastric passage, but the most 
widely employed are endosuturing and argon 
plasma coagulation [14].

 Diagnosis Under Endoscopy

Prior endoscopic analysis is as important as the 
treatment itself [1, 3, 14]. This should be com-
plete and delineate the important endoscopic 
aspects so that the team and patient can decide 
on the best form of treatment [1]. Endoscopic 
analysis enables the determination of the main 
 possibilities and cues to perform the endoscopic 
diagnosis of a large pouch and anastomosis. 
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For such, we divide this section of the text into 
two subitems: measurement of the pouch mea-
surement and measurement of the gastrojejunal 
anastomosis.

 Measurement of the Pouch

Although reliable, this procedure should not take 
so long that its use is unviable at a reference ser-
vice that performs a large number of exams per 
day. The length of the pouch can be determined 
through a simple measurement taken by the 
endoscope through the maxillary dental arch and 
measured by the small curve from the anastomo-
sis to the esophagogastric transition. If a band is 
present, one should give the distance from it to 
the anastomosis (e.g., band to 2.0  cm from the 
anastomosis or band juxtaposed to the anastomo-
sis, etc.). Pouch width is a more complicated 
task, but it is not possible to perform the back 
view maneuver easily on a narrow pouch. 
Therefore, in a practical manner, a wide pouch is 
that on which this maneuver can be performed 
easily.

 Measurement of the Anastomosis

The gastrojejunal anastomosis should be mea-
sured along it largest axis with adequate disten-
sion of the pouch. Different methods are used 
(Figs. 38.1 and 38.2), such as a direct view, which 
is a less precise method; the use of endoscopic 
rulers, which are more precise; and the use of 
tweezers with known diameters. One must take 
into consideration the diverse situations through-
out the world regarding access to materials as 
well as the economic factors of each country and 
each healthcare service. Therefore, the best 
method is that which is available and offers the 
most precision.

As relevant cutoff points, the measurement or 
description of some points is of the utmost 
importance. Stating that an anastomosis is 
12.0 mm when it is actually 13.0 mm has little 
relevance. Stating that an anastomosis is 
12.0 mm when it is actually 20.0 mm can make a 

large difference regarding the indication or non-
indication of a method. Therefore, the following 
cutoff points should be described in the report: 
anastomosis <10.0 mm, from 10.0 to 15.0 mm, 
from 15.0 to 20.0 mm, or >20.0 mm [3]. Purely 
visual methods are only reliable with the device 
passing next to the anastomosis, at which point 
knowing the diameter of the device enables esti-
mating with relative accuracy. However, this 
method is of little use for estimating other sizes 
of anastomosis [14].

A widely used method in endoscopic practice 
is the use of tweezers of known diameters. For 
instance, we can measure or see on the specifica-
tions the diameter of certain foreign body twee-

Fig. 38.1 Measurement of the anastomosis using 
forceps

Fig. 38.2 Measurement of the anastomosis using ruler
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zers and then open the tweezers on top of the 
anastomosis. If the tweezers have a diameter of 
20.0 mm, we could state whether the anastomosis 
is less than 20  mm, equal to 20  mm or greater 
than 20.0 mm, and so forth [14].

The most precise manner is the use of endo-
scopic rulers with different markings. The most 
widely used ruler in the USA is marked at 2.0- 
mm intervals with black and gray colors and is 
adjustable [14]. Once fabricated by Olympus, 
this ruler is no longer manufactured and is not 
available for sale in countries other than the 
USA. A simple, inexpensive manner to measure 
an anastomosis is to place marks on a 
 cholangiography catheter or make rulers using 
cholangiography guide wires [14]. Besides the 
low cost, the black and white colors offer visual 
contrast that facilitates the measurement through 
the endoscope.

 Endoscopic Technique: Treatment

After the selection and indication, treatment 
method is chosen. We can choose endoscopic 
suturing methods or the use of argon plasma 
coagulation isolated [5, 6]. Suturing enables the 
concomitant treatment of the dilated anastomosis 
and large pouch as well as the isolated treatment 
of one or the other. The cost and need for a high- 
complexity service are the main negative points 
and may be determinants in some places. In con-
trast, the fact that the procedures can be per-
formed in a single session weighs in favor of this 
method [6]. Argon plasma can be used only to 
narrow the anastomosis and is not indicated for a 
large pouch [3]. This method is inexpensive, 
more available, and does not require a high- 
complexity service, and sedation is the means of 
anesthesia employed (Figs.  38.3 and 38.4) [3]. 

Fig. 38.3 Using of argon plasma coagulation alone
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However, an average of three sessions at 2-month 
intervals is required to achieve the desired result, 
meaning that the patient must visit the medical 
office more often, which intensifies the follow-up 
care with the team [3].

 Discussion

The return of obesity after bariatric surgery is 
associated with a reduction in quality of life and 
the recurrence of comorbidities [1, 3]. Therefore, 
endoscopic techniques have been developed in an 
attempt to reduce the diameter of the anastomosis 
and consequently promote weight loss [3].

Abnormal anatomic findings are encountered 
in 71.2% of patients with the recurrence of obe-

sity: 58.9% with dilation of the gastrojejunal 
anastomosis, 28.8% with dilation of the pouch, 
and 12.3% with both types of dilation [9]. Thus, 
several methods have emerged to reduce the 
weight regained by patients having been submit-
ted to gastric bypass, such as the endoluminal 
reduction of the gastrojejunal anastomosis 
[endocinch (Bard®, Billerica, Massachusetts, 
USA); restorative obesity surgery endoluminal 
(ROSE) (USGI®, San Clemente, CA, USA); 
StomaphyX (Endogastric Solutions®, Redmond, 
Washington, USA); OTSC Clip (Ovesco AG®, 
Tubingen, Germany); and Overstitch (Apollo 
Endosurgery® Inc., Austin, TX, USA)] and ful-
guration of the gastrojejunal anastomosis with 
argon plasma [3, 5, 7, 9, 10, 12, 14, 16, 20, 
22–24].

Fig. 38.4 Treatment using APC. This sequence shows an anastomosis after two sessions with the final diameter 10 mm
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Endosuturing in the gastrojejunal tract has 
been employed to manage complications in clini-
cal practice over the years. Thompson et  al. 
(2006) [10] demonstrated the applicability of this 
method in eight patients with a dilated gastrojeju-
nal anastomosis and weight regain after gastric 
bypass. The mean diameter of the anastomosis 
was 25.0 mm and a 68% reduction occurred after 
the procedure (mean final diameter: 10  mm), 
with a 23.4% reduction in excess weight.

The over-the-scope clip (OTSC clip (Ovesco 
AG)) endoscopic system has also been used to 
reduce the diameter of the gastrojejunal anasto-
mosis in patients with weight regain after gastric 
bypass. Heylen et al. (2011) [25] performed this 
procedure on 94 patients after gastric bypass who 
had a mean dilated gastrojejunal anastomosis of 
35 mm in diameter and 10% weight regain. An 
average of one to two clips is employed, and the 
final diameter of the anastomosis was 8.0  mm 
(mean reduction of 80%). The body mass index 
at the 1-year follow-up reduced from a mean of 
32.8 kg m−2 to 27.4 kg m−2.

The use of plasma on the anastomosis is con-
sidered a safe, effective method for the treatment 
of the recurrence of obesity. Fulguration with 
argon promotes a reduction in the diameter of the 
anastomosis and consequent delay in gastric 
emptying, leading to early satiety and weight loss 
[3, 21]. The reduction in the diameter of a dilated 
anastomosis can lead to a 23.0% reduction in 
excess weight [26]. From the endoscopic stand-
point, information such as the diameter of the 
anastomosis, complications after bariatric sur-
gery, follow-up with a specialized team, and 
physical activity contribute to the determination 
of the method to be adopted in patients with 
weight regain after gastric bypass [27, 28].

One study compared the relative effectiveness 
of transoral outlet reduction (TORe) and the use 
of argon plasma coagulation at 3 and 6 months 
for the treatment of weight regain after RYGB 
[26]. The study involved 10 consecutive patients 
submitted to TORe using a plicature of inter-
rupted tissue and 20 patients submitted to argon 
plasma coagulation. Mean age was 
50.9 ± 1.7 years. The mean pre-RYGB body mass 
index was 46.7 ± 1.1 kg m−2, and the nadir body 

mass index was 28.8  ±  0.8  kg  m−2 [26]. TORe 
was performed 10.5 ± 0.9 years after RYGB, with 
a pre-TORe body mass index of 36.6 ± 1.0 kg m−2. 
The mean opening of the gastrojejunal anastomo-
sis was 18.5  ±  0.7  mm. The mean number of 
treatments with AP coagulation was 1.3 (range: 1 
to 4). No important adverse events occurred. The 
weight loss results were better for the patents 
submitted to application at both 3 and 6 months. 
Larger studies with a longer follow-up are needed 
to evaluate differences in the durability of the 
results.

Baretta et  al. (2015) [3] studied 30 patients 
submitted to treatment with argon plasma after 
gastric bypass (an average of three endoscopic 
sessions of AP coagulation with an intensity of 
70  W at 2.0  L/min with 8 weeks between ses-
sions) and found a mean weight loss of 15.0 kg.

In a retrospective study with 37 participants 
without the exclusion of eaters of sweets and 
snacks, De Souza et  al. (2015) [28] used argon 
plasma and obtained a 50.0% success rate 
(100.0% in the group with adequate nutritional 
follow-up) and a 24.0% reduction in regained 
weight. In a prospective, controlled, longitudinal 
study involving argon plasma, Cambi et  al. 
(2015) [29] report a 90.0% success rate and up to 
a 41% reduction in regained weight. A recent 
meta-analysis published by Brunaldi VO et  al. 
demonstrated that full-thickness suture was effi-
cient to treat this patients and that suture plus 
APC is more effective than suture alone [30].

The long-term results remain undefined. There 
is no scientific knowledge regarding the possibil-
ity of “new” weight regain and “new” dilation of 
the anastomosis. Fulguration of the anastomosis 
with endoscopic argon can be performed as many 
times as necessary. Endoscopic control should be 
performed frequently with the aim of preventing 
this probable dilation and consequent weight 
regain [3].

 Conclusion

The present systematic review of the main 
national and international periodicals reveals 
good results regarding weight regain after 
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narrowing of the gastrojejunal anastomosis 
using fulguration with argon plasma or suturing 
(with or without APC).
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 Introduction

Bariatric surgery has been shown to be the most 
effective and sustainable intervention for mor-
bid obesity and the treatment of obesity-related 
conditions [1–3]. Current evidence has reported 
significant mortality reduction by undergoing 
surgical weight loss procedures [4, 5]. With the 
advent of minimally invasive techniques, bar-
iatric surgery has been proven to be safe and 
effective [1, 6–9]. Bariatric surgery consists of 
operations affecting malabsorption, the restric-
tion of food intake, or a combination of these 
two [10]. The following operations are the cur-
rent validated laparoscopic bariatric procedures: 
laparoscopic Roux-en-Y gastric bypass (RGB), 
laparoscopic gastric banding by vertical banded 
gastroplasty (VBG) or adjustable gastric band 
(AGB), laparoscopic biliopancreatic diversion 
(BPD) ± duodenal switch (DS), and laparoscopic 
sleeve gastrectomy (LSG) [10].

According to the American Society for 
Metabolic and Bariatric Surgery (ASMBS), 
bariatric procedures performed in the United 
States have increased by 44% between 2011 
and 2017 [11]. An estimated 228,000 operations 
were performed in 2017, with almost 60% being 
the laparoscopic sleeve gastrectomy [11]. The 
sleeve gastrectomy surpassed the Roux-en-Y 
gastric bypass (RGB) procedure in 2013 as the 
most commonly performed bariatric operation, 
and there has been a downward trend in RGB 
and gastric banding procedures since 2012 [11]. 
Notably, however, is the increase in revision 
surgeries since 2014, indicating the need for 
improvements in surgical training and education. 
With the rise in surgical weight loss procedures, 
and an overwhelming emphasis on laparoscopic 
techniques, it is important that surgeons perform-
ing bariatric operations are well versed in lapa-
roscopy. Bariatric surgery fellowships or training 
programs must provide trainees with the knowl-
edge and technical skill to master these complex 
laparoscopic operations.

 How to Train a Fellow

The Fellowship Council (FC) is the accrediting 
body that oversees the quality of bariatric training 
and provides accreditation to programs meeting 
their requirements. In addition to providing over-
sight on accreditation and curriculum develop-
ment, the FC provides a standardized  application 
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process for matching surgical residents with 
advanced surgery fellowships across the United 
States [12]. There are currently 80 accredited fel-
lowship positions available in bariatric surgery 
per year in the United States. Among these, 31 
are classified as “bariatric,” 48 are classified as 
“advanced GI minimally invasive surgery/bariat-
ric,” and 1 program is classified as an “advanced 
GI minimally invasive surgery/bariatric/flexible 
endoscopy” [13].

The FC provides curriculum guidelines for 
bariatric training following the Accreditation 
Council for Graduate Medical Education 
(ACGME) core competencies. These include 
teaching the basic principles of patient care, 
meeting medical knowledge competencies, pro-
fessionalism and practice-based competencies, 
and interpersonal and communications skills 
competencies, among others [14]. The current 
curriculum guidelines for bariatric surgery con-
sist of five units, each with three subunits: objec-
tives, content, and clinical skills. Table  39.1 
summarizes Fellowship Council curriculum 
guidelines for an accredited program in bariatric 
surgery [15].

Although there is often an emphasis on case 
volume, bariatric fellowship training must be 
multifaceted and provide the necessary tools to 
cultivate a proficient and well-rounded bariatric 
surgeon. In addition to technical skill competen-
cies, there should be an emphasis on patient care, 
didactic educational conferences, professionalism/
leadership building, and research experience [16].

ASMBS guidelines list a variety of nonclinical 
endeavors that fellows should engage in. These 
include didactic educational sessions encompass-
ing all aspects of bariatric surgery from patient 
care and medical knowledge to understanding 
how to organize and lead a bariatric practice [16]. 
These critical topics are available in The ASMBS 
Textbook of Bariatric Surgery and should be dis-
cussed at weekly didactic sessions. It is important 
to engage and involve all members of the bariat-
ric team including residents, students, and staff. 
Additionally, these didactic sessions provide a 
valuable opportunity to present and discuss new 
and relevant scientific studies in the field of bar-
iatric surgery.

Leadership building and research experience 
should be a critical component to any bariatric 
fellowship. Leadership should be emphasized on 
an institutional and national basis. Specifically, if 
the trainee has an interest in academic surgery, 
opportunities to build leadership skills such as 
resident education and leading bariatric seminars 
should be provided. On a larger scale, the trainee 
should pursue membership in key organizations 
such as the American Society for Metabolic 
and Bariatric Surgery (ASMBS), the American 
College of Surgeons (ACS), and the Society 
of American Gastrointestinal and Endoscopic 
Surgeons (SAGES). Not only will this allow col-
laboration with leaders in the field but will also 
provide the foundation and resources to build a 
bariatric practice. Involvement in research is also 
essential in enrichment of a trainee’s education. 
Understanding the background process, organi-
zation, and implementation of research protocols 
can aid in preparing an individual for a career in 
academic surgery. Furthermore, participation in 
research is a measure to promote advancement 
within the surgical field.

Although the previously mentioned qualities 
of bariatric training are essential, the ability to 
teach the technical skills to perform safe bariatric 
surgery is the basis of any fellowship. In terms of 
operative experience, guidelines established by 
the American Society for Metabolic and Bariatric 
Surgery (ASMBS) suggest a minimum of 100 
cases with 51 as primary surgeon to achieve 
technical competency [16, 17]. These include 
exposure to more than one type of weight loss 
operation, including 50 intestinal bypass opera-
tions (Roux-en-Y gastric bypass, one anastomo-
sis gastric bypass, biliopancreatic diversion ± 
duodenal switch, or single anastomosis duodenal 
switch variants), 10 restrictive operations (gastric 
banding by vertical banded gastroplasty or sleeve 
gastrectomy), and 5 revision procedures [16, 17].

Bariatric trainees begin fellowship with vari-
able experience in laparoscopic surgery. Despite 
this, most surgeons understand basic laparoscopic 
techniques. Therefore, the goal of fellowship is to 
enhance these skills to the level of proficiency. 
This should be achieved in a controlled fashion 
with both instruction from a bariatric expert and 
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Table 39.1 Summary of curriculum guidelines

Unit Objectives Content Clinical skills
1.  Understanding 

morbid obesity
Fellows will obtain an 
in-depth understanding of 
obesity and its related 
diseases, including surgical 
and nonsurgical treatment of 
these modalities

A.  The epidemiology of 
obesity, including 
adolescent and 
geriatric obesity

B.  The physiologic and 
interactive mechanisms 
of morbid obesity

C.  The psychological 
issues associated with 
morbid obesity

D.  Identification and 
management of 
nutritional deficiencies 
related to surgery

A.  Fellows will apply such 
knowledge in evaluating obese 
patients for appropriate 
managementa

2.  Nonoperative 
management of 
obesity

Fellows will obtain and apply 
a comprehensive knowledge of 
management options for 
obesity without surgery

A. Caloric management
B. Exercise physiology
C.  Pharmacologic 

management

A.  Fellows will develop an 
understanding of various diet 
and caloric management 
systems including how they 
work and short- and long-term 
outcomes. They will understand 
the potential complications of 
low-calorie diets and ability to 
monitor for adverse outcomesa

3.  Primary 
operative 
management of 
morbid obesity

Fellows will develop surgical 
competence through 
experience with bariatric 
operations. Fellows will 
develop the skills and 
knowledge to evaluate and 
care for patients preoperatively 
and postoperatively

A.  Fellows must be 
exposed to more than 
one type of weight loss 
operation:

   (a)  Laparoscopic and 
open surgical 
access

   (b)  Restrictive 
operations

   (c) Gastric bypass
   (d)  Malabsorptive 

proceduresa

A.  Fellows will participate in 
weight loss operations

B.  The fellow should have assumed 
the role of primary surgeon in 
the majority of cases (at least 
51%), defined as having 
performed key components of 
the operationa

4.  Revisional 
operative 
management of 
morbid obesity

Fellows will develop 
understanding of revision 
options, including the benefits 
and risks of each.
Fellows will develop surgical 
competence through 
experience with revisional 
bariatric procedures.
Fellows will develop the skills 
and knowledge to evaluate and 
care for patients preoperatively 
and postoperatively

A.  Fellows will have 
experience with 
procedures for revision 
to treat complications 
or failure of previous 
bariatric surgery

A.  Fellows will participate in 
preoperative evaluations for 
surgical revision:

   (i)  Order and interpret 
appropriate testing

   (ii)  Consult with nonsurgical 
specialists when needed

   (iii)  Evaluate most appropriate 
surgical options

   (iv)  Educate patient on benefits 
and risks of each option

5.  Management 
of 
complications 
of bariatric 
surgery

Fellows will gain a 
comprehensive understanding 
of the management of 
complications and obesity- 
related conditions

A. Early complications
   (a) Identification
   (b) Management
B. Late complications
   (a) Identification
   (b) Management

A.  Fellows will demonstrate the 
ability to detect postoperative 
complications through history 
and clinical examination

B.  Fellows will demonstrate an 
understanding of the physiologic 
impact of delaying diagnosis or 
treatment of postoperative 
complicationsa

aDenotes partial omission. A complete listing can be found by visiting https://fellowshipcouncil.org/wp-content/
uploads/2012/02/Bariatric-Surgery1.pdf [15]
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self-learning from the perspective of the trainee. 
Skills education should begin with the simplest 
procedures and advance to the most technically 
complex. In the case of bariatric surgery, the 
skills curriculum should begin with instruction on 
basic endoscopic skills. Focus should be placed 
on safe entry and maneuvering of the endoscope, 
evaluation of endoscopic anatomy, and thera-
peutic endoscopic procedures. Simultaneously, 
the trainee should partake in an intensive video 
review of the various bariatric procedures per-
formed by the trainer’s group. It is important that 
trainers provide videos of his/her procedures with 
the purpose of allowing the trainee to learn his/
her exact technique as techniques may vary con-
siderably among bariatric surgeons. Following 
video review, the trainee should observe the 
procedures intraoperatively and take detailed 
notes to help reinforce the information obtained 
from video review. Subsequently, the learner 
assumes the role of the assistant. Once the fel-
low has become a proficient assistant, opportu-
nity should be given to perform the simpler tasks 
of the surgery. In the case of a sleeve gastrec-
tomy, the trainee can begin with mobilization of 
the greater curvature of the stomach and through 
subsequent cases advance to mobilization of 
the cardia and finally performance of the entire 
sleeve gastrectomy. There should be emphasis 
on technique, economy of motion, and methods 
to avoid common complications. With respect to 
a gastric bypass, the less complex steps such as 
splitting the omentum and measuring the roux 
limb should be perfected before allowing the 
trainee to perform the more difficult aspects of 
the procedure including the retrogastric dissec-
tion, creating the jejunojejunal anastomosis, and 
creating the gastrojejunal anastomosis. Once the 
trainee has proved that he or she can perform all 
the required steps in a safe and efficient man-
ner, then there should be transition to performing 
the entire operation with the trainer acting as an 
assistant and providing constructive feedback. 
Ideally, if the surgical procedures are recorded, 
the trainee can review their own performance 
and identify areas of possible improvement. This 
would optimize the learning potential for the 
training surgeon.

 Learning Curve for Lap Roux-en-Y 
Gastric Bypass

In recent years, the prevalence of morbid obe-
sity has grown exponentially, with the gastric 
bypass operation now being the most commonly 
performed procedure in the United States [18]. 
As surgical treatment remains the only effective 
method to achieve long-term weight loss, and to 
lower the burden of comorbid conditions of the 
morbidly obese patient, there is currently a great 
demand for experienced bariatric surgeons [19]. 
With the increasing utilization of laparoscopic 
techniques over the past decade, the annual num-
ber of laparoscopic Roux-en-Y gastric bypass 
(LRYGB) operations has risen considerably 
[20, 21]. While LRYGB offers several advan-
tages over the open approach—including lower 
incidence of wound infections, fewer incisional 
hernias, decreased blood loss, decreased post-
operative pain, and shorter hospital stays—it is 
a technically challenging operation requiring 
advanced laparoscopic skills [22, 23]. As such, 
LRYGB has been associated with a steep learn-
ing curve, which can be defined as the average 
number of cases performed by a surgeon before 
his or her outcomes are comparable to estab-
lished benchmarks. The outcome parameters 
most commonly used to establish this learning 
curve include operative time, postoperative com-
plications, and mortality.

Several studies have aimed to quantify the 
LRYGB learning curve, with estimates ranging 
from as few as 75 cases to as many as 500 [19, 
20, 23, 24]. Oliak et al. showed that complication 
rates stabilized after completion of  approximately 
75 cases, with operative times decreasing sig-
nificantly during the initial 75 cases and at 
a reduced rate thereafter [25]. Schauer et  al. 
found that both complication rates and opera-
tive times approached those reported for open 
gastric bypass after an experience of 100 cases 
[23]. El-Kadre et  al. proposed a learning curve 
of 500 cases, significantly longer than had been 
previously described; however, the most drastic 
reduction in both operative times and postopera-
tive complication rates occurred during the first 
100 cases [26]. Most likely, the practical learning 
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curve for LRYGB is somewhere between 75 and 
150 cases—a similar conclusion to that reached 
by Sánchez-Santos et  al., who determined the 
average learning curve to range from 75 and 152 
cases based on a systematic review of 14 reports 
describing 18 learning curves [27].

Completion of a 1-year fellowship in bariatric 
and minimally invasive surgery has been shown to 
substantially lessen the learning curve burden for 
LRYGB, as demonstrated by decreased operative 
times, lower postoperative complication rates, 
and diminished mortality during a surgeon’s 
early experience as an independent practitioner 
[21, 27, 28]. While there remains other methods 
for obtaining training in laparoscopic bariatric 
surgery—such as a 2-day weekend course or 
mini-fellowships of various durations—these 
modalities do not provide sufficient training to 
begin performing bariatric surgery independently 
[20, 29]. Oliak et  al. demonstrated fellowship 
training reduced operative times by 35% and 
major complications by 38% over a surgeon’s ini-
tial 75 LRYGB procedures [28]. Sánchez-Santos 
et al. likewise showed that formal training with 
mentoring by an experienced bariatric surgeon 
reduces the learning curve of LRYGB by more 
than ten cases [27]. Of note, even though formal 
bariatric training can improve the learning curve 
for LRYGB, the number of cases required to mas-
ter the operation may exceed the 50 case thresh-
old for hospital credentialing, as recommended 
by the ASMBS [30]. While this result could be 
interpreted as evidence that a higher case volume 
is required to achieve benchmark outcomes, it is 
clear that the completion of a 1-year fellowship 
in bariatric and minimally invasive surgery was 
sufficient to allow recent fellowship graduates to 
achieve quality outcomes in independent surgical 
practice.

 Minimum Requirements 
for Credentialing

In 2013, with the role of laparoscopy continu-
ing to grow within the field of bariatric sur-
gery, three national surgery associations—the 
American Society for Metabolic and Bariatric 

Surgery (ASMBS), the Society of American 
Gastrointestinal and Endoscopic Surgeons 
(SAGES), and the American College of Surgeons 
(ACS)—collaborated to create credentialing 
guidelines to assist institutions in the credential-
ing process for bariatric and minimally invasive 
surgery [31]. These guidelines have been widely 
endorsed by the ASMBS, SAGES, ACS, and 
the Society for Surgery of the Alimentary Tract 
(SSAT). Beyond defining the general creden-
tialing requirements for bariatric surgeons, the 
joint task force additionally recommended the 
following criteria (taken directly from the joint 
task force’s recommendations) for surgeons with 
no or limited experience in bariatric surgery or 
advanced laparoscopic surgery [31]:

 1. The applicant surgeon must complete a struc-
tured training curriculum in bariatric surgery 
and advanced laparoscopic surgery as 
reviewed and approved by the bariatric medi-
cal director.

 2. The applicant surgeon must have completed a 
general surgery residency.

 3. The applicant surgeon’s initial cases should be 
performed with a co-surgeon who is a fully 
credentialed bariatric surgeon.

 4. The absolute number of cases is left up to the 
local credentialing committee. However, the 
local credentialing committees may wish to 
delineate separate requirements for those pro-
cedures that require gastrointestinal stapling 
versus those that do not.

 5. It is advisable that the first cases be of lower 
technical difficulty with carefully determined 
lower risk patients as determined by the bar-
iatric medical director.

 6. The surgeon will actively participate with the 
MBSAQIP program and adhere to its stan-
dards by implementing changes in practice in 
accordance with feedback from the MBSAQIP 
or an equivalent regional/national quality 
improvement program.

Under these credentialing guidelines, the fol-
lowing procedures qualify as bariatric proce-
dures (open or laparoscopic): adjustable gastric 
banding, biliopancreatic diversion with duodenal 
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switch, revisional bariatric surgery, Roux-en-Y 
gastric bypass, sleeve gastrectomy, and verti-
cal banded gastroplasty [31]. Local credential-
ing committees, however, may wish to create 
separate requirements for those procedures that 
require gastrointestinal stapling versus those that 
do not. For example, the ASMBS recommends 
that surgeons with privileges to perform open 
and advanced laparoscopic surgery must docu-
ment 50 cases with satisfactory outcomes during 
their surgical residency or post-residency train-
ing in order to obtain privileges for procedures 
involving stapling or division of the GI tract [30]. 
This compares to just ten documented procedures 
with satisfactory outcomes, without requiring 
privileges to perform open bariatric procedures, 
if obtaining credentials to perform bariatric oper-
ations does not involve stapling or the division of 
the GI tract [30].

Of note, the guidelines established by the joint 
task force do not cover endoluminal bariatric pro-
cedures. Endoluminal procedures should be cre-
dentialed under endoscopic privileges [31]. The 
joint task force recommends that practitioners 
performing endoluminal bariatric procedures 
should be credentialed to perform bariatric sur-
gery at that institution and, if not, that they should 
be an active member of an accredited, structured 
bariatric program [31]. In 2009, SAGES released 
a more algorithmic set of guidelines detailing 
the minimum requirements for granting laparo-
scopic privileges based on the candidate’s previ-
ous experience with bariatric and laparoscopic 
procedures [29]. Mandatory for all candidates 
are the completion of formal residency training 
in general surgery as well as being part of a team 
that is dedicated to the long-term follow-up of the 
bariatric surgical patient.

When training a bariatric surgery fellow, 
institutions must adhere to nationally developed 
guidelines. With laparoscopic and minimally 
invasive procedures on the rise, the bariatric 
trainee must master surgical techniques and 
patient management. Trainees must be involved 
in non-operative patient management includ-
ing preoperative evaluations and workups as 
well as postoperative management. The ASMBS 
requires that trainees perform a minimum of 100 

cases. The trainee must lead the operation for 51 
cases as the primary surgeon. Surgical exposure 
is required for both restrictive and malabsorptive 
procedures with at least 80% performed laparo-
scopic or robotic; 10 must be the sleeve gastrec-
tomy, and at least 50 procedures must require an 
anastomosis [31].

Once bariatric privileges (open or laparo-
scopic) have been granted, the joint task force 
provided the following criteria (taken directly 
from the joint task force’s recommendations) for 
maintenance and renewal of privileges [31]:

 1. Privileges to perform bariatric surgery should 
be renewed at a minimum of every 2 years.

 2. Maintenance of certification by the American 
Board of Surgery or its equivalent.

 3. Continued active participation within a struc-
tured bariatric surgery program.

 4. Ongoing participation with the MBSAQIP 
program or an equivalent regional/national 
quality improvement program.

 5. The surgeon must demonstrate continued crit-
ical assessment of his/her outcomes as deter-
mined by periodic review of outcomes from 
an acceptable regional or national registry.

 6. The chief of surgery or his/her designee 
should verify that these criteria have been 
met.

Reviewing outcomes is of utmost importance 
to ensure one is maintaining high-quality care. 
Created in 2012, the Metabolic and Bariatric 
Surgery Accreditation and Quality Improvement 
Program (MBSAQIP) encourages institutions to 
maintain the close surveillance of surgical out-
comes to decrease morbidity and mortality rates 
after bariatric operations. It is recommended that 
surgeons practicing bariatric surgery are affili-
ated with institutions utilizing MBSAQIP or an 
additional national data registry to monitor and 
track outcomes [32]. SAGES recommends that 
the institution review the surgeon’s outcome data 
within 6 months of initiation of a new program 
and at regular intervals thereafter, to ensure that 
patient safety is comparable to published out-
come benchmarks. ASMBS also recommends 
reviewing the surgeon’s outcome data after 
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6 months but with an additional review after the 
surgeon’s first 50 procedures performed indepen-
dently. Maintaining a data registry in the setting 
of bariatric surgery has been shown to decrease 
mortality and improve outcomes [31].
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 Introduction

Robotic surgery debuted in medical literature in 
1985 with the use of the Programmable Universal 
Machine for Assembly 560 for a neurosurgi-
cal biopsy. Since its debut, robotic surgery has 
transformed multiple aspects of patient care and 
become a significant contribution to the techni-
cal toolkit available to surgeons, finding trac-
tion in fields like bariatric surgery, orthopedic 
surgery, urology, and otolaryngology. Between 
2000 and 2013 alone, there were over 1.745 mil-
lion documented robotic surgical cases in the 
United States. Robotic surgery, as identified by 
the Society of American Gastrointestinal and 
Endoscopic Surgeons (SAGES), is any surgi-
cal technology that places a computer-assisted 
electromechanical device between surgeon and 
patient and that assumes at least a degree of 
partial control of the operation that was previ-

ously reserved explicitly for the surgeon. The US 
Food and Drug Administration (FDA) currently 
approve Intuitive Surgical’s da Vinci robotic 
system, TransEnterix’s Senhance Laparoscopy 
System, and Stryker’s (formerly Mako’s) RIO 
Robotic Surgery System.

In the past decade, bariatric surgery has 
steadily grown. Though the incidence of bariat-
ric surgery appeared to have plateaued between 
2003 and 2010 at 113,000 cases per year, the 
American Society for Metabolic and Bariatric 
Surgery (ASMBS) estimates that between 2011 
and 2017 the incidence has increased to over 
191,000 cases per year. Bariatric surgery has 
increasingly utilized robotic systems due to their 
comparative or lower adverse events rates and a 
shorter learning curve when compared to lapa-
roscopic surgical techniques. As robotic surgery 
has gained popularity and utility, a growing need 
for credentialing and training surgeons in the 
use of such devices presented itself. The FDA 
currently places the responsibility of training 
development and implementation on the shoul-
ders of the robot manufacturers, physicians, and 
the healthcare facilities where robotic surgery is 
utilized [1]. As such, no single federal mandate 
currently exists to describe the specific training 
requirements. Multiple agencies, including the 
manufacturers themselves, SAGES and ASMBS, 
have published guidelines they believe will help 
standardize this new technology and its learning 
curve.
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 Intuitive Company Credentialing

As required by the FDA, Intuitive requires and 
provides a training curriculum for prospective 
surgeons [2]. This curriculum is the foundation 
for all robotic surgeries and does not vary based 
on subspecialty. Thus following credentialing 
through Intuitive, fellowship training should pro-
ceed the same as laparoscopic bariatric surgery: 
beginning at bedside and then performing more 
difficult and complex portions of bariatric sur-
gery gradually. Instructions and the online mod-
ules are provided by Intuitive from their website 
at www.davincisurgerycommunity.com.

Intuitive Surgical’s curriculum is composed of 
the following four components: online modules, 
skills simulator, bedside cases/precepted cases, 
and continuing education classes. Initially, fel-
lows are required to complete all online training 
modules (for both Xi and Si robots)  – this will 
familiarize the surgeon with the console and 
operation system. Upon completion of the assess-
ments, the surgeon will receive a training cer-
tificate. With this training certificate, the surgeon 
must complete all the skills simulator modules on 
the robotic training system with a score of 90% 
or higher. This will instruct the surgeon regarding 
the manual operation of the robot (clutch, manip-
ulate camera, switch between robot arms, robotic 
suturing, etc.). After completing the online mod-
ules and the skills simulator, the surgeon should 
be at bedside for at least 10 cases and then on the 
console for at least 20 cases. With the comple-
tion of all these requirements, the surgeon is pre-
pared to use the da Vinci robotic surgery system. 
For additional training, Intuitive company hosts 
many advanced robotics courses specific to bar-
iatric surgery in multiple cities across the United 
States. This would be of benefit to the fellow to 
gain an understanding of port placement (as it dif-
fers from common laparoscopic port placement) 
and robotic instruments used and learn useful tips/
tricks from expert robotic bariatric surgeons [3].

 Progression Through Surgical Steps

Like any other surgical procedure, the approach 
to robotic bariatric surgery training should occur 
in a stepwise progression with graduated respon-

sibility for the training bariatric surgeon. It is 
extremely important to stress the importance of 
self-motivated learning which should occur out-
side of the operating room. As discussed in the 
section on laparoscopic bariatric training, a thor-
ough understanding of gastrointestinal anatomy, 
the pathophysiology and systemic effects of mor-
bid obesity, and the role of surgical management 
should be obtained prior to pursuing the technical 
skills required to perform bariatric surgery. Prior 
to assuming the role of primary surgeon, the train-
ing bariatric surgeon should have obtained a cer-
tificate of completion of robotic training through 
Intuitive. Involvement in a specific robotic bariat-
ric course would likely be more beneficial once 
the training surgeon is reaching the end of his/her 
fellowship and has a better grasp of both robotic 
and bariatric surgery.

A learning tool often not utilized sufficiently 
in surgical training is video review of operative 
procedures. Even prior to playing the role of oper-
ative assistant, the learner should ideally review 
his/her trainer’s technique for common bariat-
ric procedures (sleeve gastrectomy/Roux- en- Y 
gastric bypass) through intensive and repeated 
review of the trainer’s videos. This would require 
the trainer to record his/her most common bariat-
ric procedures, but would also prepare the trainee 
to become an efficient assistant. Once the video 
review phase is complete, the trainee should 
observe the trainer in the operating room. This 
would be to gain an understanding of operative 
setup, trocar placement, instrument preferences, 
and ultimately reconfirm the operative steps.

At the point that the trainee has developed 
familiarity with the steps of the operation he or 
she should transition to the second phase, which 
would be the role of the assistant. As the assistant, 
the trainee can obtain firsthand experience with 
critical technical aspects such as trocar place-
ment, instrument handling, facilitating the opera-
tion for the primary surgeon, and  developing an 
appreciation for the nuances of bariatric surgery. 
Given the complexity of the Roux-en-Y gastric 
bypass, experience with the sleeve gastrectomy 
should precede that of the bypass. Upon achiev-
ing proficiency as the first assistant, the trainee 
can assume the role of the primary surgeon for 
specific portions of the procedure beginning 
with the least difficult and transitioning to the 
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most technically complex. The robotic console 
is unique in that the trainer can easily share the 
surgeon role and also manipulate the third arm 
while the trainee is in the surgeon role. In the 
case of a sleeve gastrectomy, the trainee can 
begin with mobilization of the greater curvature 
of the stomach and through subsequent cases 
advance to mobilization of the cardia and finally 
performance of the sleeve gastrectomy. There 
should be emphasis on technique, efficiency, and 
avoidance of common mistakes. With respect to 
a gastric bypass, the less complex steps such as 
splitting the omentum and measuring the roux 
limb should be perfected before allowing the 
trainee to perform the more difficult aspects of 
the procedure including the retrogastric dissec-
tion, creating the jejunojejunal anastomosis, and 
creating the gastrojejunal anastomosis. Once the 
trainee has proved that he or she can perform all 
the required steps in a safe and efficient man-
ner, then there should be transition to perform-
ing the entire operation with the trainer acting as 
an assistant and providing constructive feedback. 
Ideally, if the surgical procedures are recorded, 
the trainee can review their own performance 
and identify areas of possible improvement. This 
would optimize the learning potential for the 
training surgeon.

 Vetting of Credentials

The process of credentialing and granting privi-
leges to bariatric surgeons should be stringent 
but not significantly limiting as the need for 
bariatric surgeons increases with the rising obe-
sity epidemic in the nation. The surgeon should 
demonstrate technical proficiency in the surgical 
management of bariatric patients, in addition to 
possessing the knowledge to perform adequate 
preoperative workup and manage postoperative 
complications [4].

Although the credentialing process may vary 
from institution to institution, and is ultimately 
decided by administrative officials or a creden-
tialing committee, there are guidelines set forth by 
the major bariatric surgical societies that provide 
a basic groundwork [4–6]. In 2013, a Joint Task 
Force composed of leadership from national sur-

gical societies including the ASMBS, American 
College of Surgeons (ACS), and SAGES estab-
lished uniform guidelines to aid in the creden-
tialing process of bariatric surgeons [7]. By 
consolidating the unique credentialing guidelines 
of the three surgical societies, this facilitated the 
credentialing process for institutions.

An important factor in the credentialing of 
bariatric surgeons involves the ability to track and 
monitor patient data. The Metabolic and Bariatric 
Surgery Accreditation and Quality Improvement 
Program (MBSAQIP), introduced in 2012, was 
a quality improvement program that encour-
aged close data collection and outcome surveil-
lance in patients undergoing bariatric surgery 
[8]. It is strongly recommended that bariatric sur-
geons practice in an institution that utilizes the 
MBSAQIP or a national data registry to closely 
monitor outcomes as this has been shown to sig-
nificantly improve patient outcomes and decrease 
mortality after bariatric surgery [7].

The following recommendations have been 
set forth by the Joint Task Force [7]:

 1. Evidence of completion of an accredited gen-
eral surgery residency program

 2. Certification or eligibility of certification by 
the American Board of Surgery

 3. Good standing and current medical license
 4. Completion of an accredited bariatric surgery 

fellowship or supporting documentation of 
surgical and didactic training in bariatric sur-
gery meeting ASMBS guidelines

 5. Clinical experience working in a bariatric pro-
gram that integrates ancillary staff including 
dietary, counseling, support groups, and psy-
chological assessments for morbidly obese 
patients

 6. Utilization of clinical pathways in bariatric 
surgery

 7. Privileges to perform gastrointestinal surgery 
and advanced laparoscopy

 8. Participation and adherence to MBSAQIP or 
an equivalent national quality improvement 
program

With respect to bariatric surgery training, the 
ASMBS currently requires a minimum of 100 
cases, 51 of which need to be as the primary 
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surgeon. The surgeon needs exposure to both 
restrictive (at least 10 sleeves) and malabsorp-
tive procedures (at least 50 bariatric procedures 
that require anastamoses) [6]. Eighty percent of 
the cases must be done laparoscopic or robotic. 
In addition, the surgeon must demonstrate train-
ing in perioperative care of the bariatric patient 
evidenced through hands-on experience in pre-
operative workup, postoperative management 
of complications, and long-term outpatient 
care. Early and recurrent review of surgeon out-
comes is of utmost importance in the creden-
tialing of a new bariatric surgeon [7]. After the 
first 6 months, outcome data should be reviewed 
by the institution to confirm patient safety. Any 
deviation beyond expected outcomes and com-
plication rates should be identified and addressed 
appropriately. This process should be repeated 
after the first 50 cases and in regular intervals to 
maintain a high standard of care.
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 Mechanisms of Control of Type 2 
Diabetes with Gastric Bypass

Noncommunicable diseases (NCDs) are cur-
rently a leading cause of morbidity and mortal-
ity worldwide and are mainly related to obesity 
and unhealthy habits. Obesity and type 2 diabetes 
(T2D), its most deleterious travel partner, repre-
sent the twenty-first-century pandemia and have 
proven to be frequently refractory to conventional 
treatment. The classic therapies, including diet, 
exercise, behavior modification, and pharmaco-

therapy, rarely obtain a sustained weight loss and 
euglycemia.

Evidence accumulated since the early 1980s 
[1] has proven that surgery is the most effective 
strategy to improve obesity and T2D.  Initially 
this observation was taken with caution, due to 
the high rate of intervention-related complica-
tions of the old-fashioned surgical procedures. At 
the beginning, surgery was reserved for morbidly 
obese patients, but the improvement of the tech-
niques, associated with the cumulative evidence 
of the specific benefits on glucose metabolism, 
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has placed it in the T2D management algorithm 
[2]. Although almost all forms of weight loss ame-
liorate T2D, several studies have demonstrated 
that glucose control improves more after Roux-
en-Y gastric bypass (RYGB) than with equivalent 
weight loss by other means. Furthermore, among 
the currently indicated interventions, RYGB 
achieves higher rates of diabetes remission than 
restrictive procedures. Although others like the 
biliopancreatic diversion are more effective in 
T2D remission, RYGB is preferred due to the 
better risk-benefit ratio. After surgery, about 80% 
of diabetic patients experience full remission of 
this disease, defined as normal blood glucose and 
hemoglobin A1c (HbA1c) values. Although not 
reaching full remission in all, the vast majority 
of patients enjoyed improvements in their glyce-
mic control and reduced medication dependence. 
Relapse risk seems to be more closely related to 
the severity of the preoperative pancreatic dis-
ease than to any other predictor, including BMI 
or weight regain [3]. Of note, this evidence has 
defined the remission of T2D as a main goal after 
surgery. Due to its relevance, it is critical to try to 
predict whether a patient is likely or not to suc-
ceed under this point of view. A preoperative tool 
that describes the probability of diabetes remis-
sion after RYGB, namely, the DiaRem score [3], 
has been described. The DiaRem score stratifies 
the risk based on a weighted system of punctua-
tion (range 0–22) that stratifies subjects into five 
groups based on scoring for age, glycated hemo-
globin, and the medication used: a score of 0–2 
has the highest likelihood of T2M remission, 
followed by the subsequent groups [3–22] with 
a decreasing probability of remission of T2D 
(Table 41.1).

Additionally, T2D tends to improve rapidly 
and soon after surgery, even before major reduc-
tions in body weight occur, suggesting a weight- 
independent antidiabetic effect of RYGB.

The effectiveness of RYGB in the manage-
ment of T2D and the rapidly increasing demand 
for bariatric operations worldwide have con-
verted the description of the physiological 
mechanisms underlying these procedures in an 

important research priority. There are multiple 
mechanisms at different levels that explain the 
antidiabetic effect of RYGB that go beyond the 
loss of excess adiposity, and the combination of 
all is supposed to be responsible for the improve-
ment of T2D.  This combined multi-site effect 
justifies the better results of the RYGB compared 
to other strategies (Fig. 41.1).

The RYGB effect on T2D is mediated via the 
combination of gut-related mechanisms (changes 
in gut hormones, intestinal glucose metabolism, 
and nutrient sensing) associated with excess of 
weight loss, reversion of islet cell dysfunction, 
and the subsequent effects on glucose secre-
tion and insulin sensitivity, as well as adipokine 
profile modification, modification of bile acid 
metabolism, and gut microbiota. All these mech-
anisms will be reviewed here.

RYGB effects could be classified, based on 
the temporal pattern, in acute effects that are 
mainly independent of weight and adiposity and 
chronic effects that depend on weight and adipos-
ity as well as the functional reserve of the subject 
before surgery.

Table 41.1 DiaRem score

Prediction factor Score
Age (years)
If age <40 0 points
If age 40–49 1 point
If age 50–59 2 points
If age >60 3 points
HbA1c (%)
If HbA1c <6.5 0 points
If HbA1c 6.5–6.9 2 points
If HbA1c 7.0–8.9 4 points
If HbA1c >9.0 6 points
Other diabetes medications
If not using sulfonylureas or not using 
insulin-sensitizing agents

0 points

If on sulfonylureas and insulin-sensitizing 
agents

3 points

Treatment with insulin
If not using insulin 0 points
If using insulin 10 points
DiaRem score (sum of individual 
components) →

Modified from Still et al. [3]
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 Acute Effects of RYGB

 Caloric Restriction

The beneficial effect of caloric restriction on 
glycemia is well established, and RYGB induce 
significant reductions in caloric intake begin-
ning already in the early postoperative period. 
The relevance of acute caloric restriction in the 
immediate improvement of glycemic parameters 
before weight loss has been stressed with the evi-
dence that subjects under a caloric-restricted diet 
comparable to the indicated after RYGB display 
similar changes in meal-stimulated glucose and 
insulin sensitivity after 4 days [4]. The compara-
ble improvement in glucose tolerance and insulin 
sensitivity was observed after caloric restriction, 
and data suggest that decreased caloric intake 
represents a relevant factor in the rapid improve-
ment in glycemia after RYGB.

 Gut

 Endocrine Actions of the Gut

Gut Hormones: GLP 1, PYY, and GIP
In this context two of classic hypothesis explain-
ing the possible effects of RYGB in the amelio-
ration of T2D have been proposed. On the one 
hand, the lower intestinal hypothesis (hindgut 
hypothesis) which postulates that RYGB cre-
ates intestinal shortcuts to expedite delivery of 
ingested nutrients to the lower bowel that accen-

tuate the secretion of glucagon-like peptide-1 
(GLP-1), thereby improving glucose metabo-
lism. In addition to regulating appetite and body 
weight, elevated levels of peptide YY (PYY) 
after RYGB could contribute independently to 
the improved glucose homeostasis. On the other 
hand, the upper intestinal hypothesis (foregut 
hypothesis) postulates that exclusion of a short 
segment of the proximal small intestine from 
contact with ingested nutrients exerts direct anti-
diabetic effects, possibly due to downregulation 
of unidentified anti-incretin factors [5].

Both hypotheses underline the observation 
that glucose homeostasis is dependent upon a 
complex interplay of multiple hormones. Some 
of them exert anorexigenic and/or insulin- 
sensitizing effects and are enhanced after 
RYGB.  Among them, glucagon-like peptide-1 
(GLP-1) and PYY have gained major attention in 
order to explain RYGB’s beneficial effects.

GLP-1 is produced and secreted in L cells 
of the small intestine in response to nutrients. 
It exerts a main effect by stimulating glucose- 
dependent insulin release from the pancreatic 
islets, accompanied by an inhibition of the inap-
propriate postprandial glucagon release. This 
effect is not induced after an intravenous carbo-
hydrate load and explains the greater stimulatory 
effect on insulin of enteral glucose, compared 
to intravenous glucose, encompassing the so-
called incretin effect. Consistently, blockade of 
the GLP-1 action results in a significant rise of 
postprandial glycemia in healthy volunteers. 
Additionally, GLP-1 stimulates pancreatic beta- 
cell proliferation and differentiation (Fig. 41.2).

Nutrient sensing 
Gluconeogenesis

Inflammatoy response
Intestinal motility
Insulin release
Insulin resistance enhancement

Hunger
Satiety
Craving
Sedentary lifestyle

Fig. 41.1 Combined 
multi-site etiology of 
obesity and different 
levels in which RYGB 
has been shown to exert 
its effect
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In patients with T2D, there is an impaired 
regulation of GLP-1 that is reversed after 
RYGB.  Furthermore, an enhanced postsurgi-
cal GLP-1 secretion has been observed. This 
enhancement appears few days after surgery and 
has been proven to last at least for 10 years in sub-
jects with sustained T2D remission. Consistently, 
it has been shown in an animal model that GLP-1 
blockade reverses the improved glucose toler-
ance resulting from bariatric surgery, and the 
association between the early improvements of 
glucose tolerance after RYGBP with a larger 
GLP-1 response to nutrient intake has been 
proven [6]. Despite this, GLP-1 is not likely to be 
the only responsible factor of the T2D improve-
ment observed postsurgically, since it has been 
described that obese subjects who consumed a 
post-bariatric liquid diet for 4 days replicated this 
beneficial effect [7].

PYY is produced by the L cells of the gastro-
intestinal tract and by the H cells in the ileum and 
colon. Under normal conditions, PYY release is 
stimulated by the presence of ingested fat in the 
intestinal lumen, mainly short-chain and polyun-
saturated fatty acids [8]. PYY is an anorexigenic 
neuroendocrine peptide that exerts its function 
acting on the brain, gut, and pancreas at least [9]. 

PYY not only restores normal glucose regula-
tion of insulin but also of glucagon secretion that 
is also relevant in the pathogenesis of T2D [10] 
(Fig. 41.2).

Elevated levels of serum PYY following 
bariatric surgery has been documented, with an 
increase that is maintained in the long term [11]. 
The chronic exposure to elevated levels of PYY 
may be important in the restoration of β-cell 
functional identity via the NPY receptor 1 [12]. 
RYGB surgery induces a significant improve-
ment in pancreatic islet structure and function in 
diabetic GK rats within 10–14 days of the inter-
vention [13]. The rise in PYY levels appear to be 
a main mediator in the long-term improvement of 
glucose metabolism, since PYY does not affect 
glucose metabolism when applied acutely [14].

The increase in circulating PYY concentra-
tions is also believed to be a relevant factor for 
the “ileal brake,” which refers to the inhibition of 
some gastrointestinal processes, mainly gastric 
emptying and intestinal motility, thus delaying 
the delivery of additional food to the intestine. 
This also decreases circulating fatty acids and 
consequently increases postprandial insulin sen-
sitivity. PYY also signals to the hypothalamus to 
reduce food intake and is able to inhibit vagally 

Modified endocrine actions of gut
with increased and modified:
- GLP1  -   FGF 19
- PYY
- GIP
- FGF21

Modified neuro-paracrine actions of gut:
- Modulated neuro-enteric intestinal
 nutrient-sensing via vagus nerve
- Enhanced portal glucose sensor which
 regulates insulin sensitivity
- Decreased intestinal gluconeogenesis
- Modulates intestinal motility

Fig. 41.2 Schematic representation of the neuro-paracrine and endocrine actions that RYGB exerts
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stimulated gastric acid secretion and pancreatic 
exocrine secretion and act as a potent vasocon-
strictor in many vascular beds. Circulating PYY 
levels are drastically reduced in obesity and 
T2D.  On the other hand, it has been described 
that conditions that impair food absorption 
might increase blood levels of PYY. Consistently 
RYGB has been shown to increase circulating 
levels of PYY shortly after surgery, with a rise 
that is maintained on the long term [15–17]. L 
cells of the gastrointestinal tract, and by the H 
cells in the ileum and colon, are also responsible 
of paracrine functions and the neuro-enteric axis 
(see neuro-paracrine actions of the gut).

Glucose-dependent insulinotropic polypeptide 
(GIP) is another endocrine insulinotropic factor, 
released by the K-type endocrine cells, located 
in the proximal gut. GIP exhibits also metabolic 
roles, namely, control of glucose- dependent insu-
lin and postprandial glucagon levels and fatty acid 
metabolism. Some data had shown decreased lev-
els of GIP in patients after RYGB and a reduction 
in β-cell stimulation/insulin release. Thus, it can 
be suggested that this mechanism can contribute 
to the early resolution of T2D [18, 19].

 Fibroblast Growth Factors

Fibroblast growth factor (FGF) is a cytokine 
superfamily with a wide range of biological func-
tions including regulating cell growth, differen-
tiation, development, and metabolism. Human 
FGFs contain 22 members which can be divided 
into 7 subfamilies based on phylogeny and 
sequence, namely, FGF subfamilies 1, 4, 7, 8, 9, 
11, and 19. Among them, the FGF19 subfamily 
that includes FGF19, FGF21, and FGF23 works 
in an endocrine manner rather than an autocrine 
manner as other subfamily members of FGFs. 
FGF23 regulates phosphate/vitamin D metabo-
lism in a bone-kidney cross talk [20] (Fig. 41.2).

FGF19 is an ileum-derived enterokine in which 
circulating plasma levels are inversely related to 
visceral adiposity [21]. FGF19 functions include 
decreased gluconeogenesis, increased glycogen 
and protein synthesis, increased metabolic rate, 
decreased adiposity, regulation of gallbladder fill-

ing, and regulation of bile acid (BA) homeostasis 
via feedback inhibition of the hepatic BA syn-
thesis rate [22]. Intracerebroventricular adminis-
tration of FGF19 has shown to increase energy 
expenditure and to reduce 24-h food intake and 
body weight, as well as acutely improve glucose 
tolerance. This underlines the importance of 
FGF19 in the regulation of the neuro-enteric axis 
in rodents [23]. On the other hand, in humans, 
it has been also reported that FGF19 and bile 
acid levels increase after RYGB but not after 
intensive medical management in subjects who 
achieved similar improvement in glycemic con-
trol [22]. This different behavior might be among 
the reasons of the long- term differences observed 
in the evolution of patients undergoing RYGB 
(Fig. 41.2).

FGF21 is produced mainly in the liver and 
promotes fatty acid oxidation, improves insulin 
sensitivity, and increases energy expenditure, 
with the consequent reduction in fat mass, which 
entails improvement in insulin sensitivity, lower-
ing of blood glucose, and reduction in hepatic/
plasma triglycerides. FGF21 exerts its biologic 
actions by binding to FGF receptor 1 in the pres-
ence of co-receptor β-klotho, which is a FGF 
receptor co-receptor with a high expression in the 
liver, fat, and the central nervous system. Adipose 
tissue is a main FGF21 target as shown by the 
absence of metabolic effects in mice with fat- 
specific ablation of either β-klotho or FGF recep-
tor 1. Consistently, it has been demonstrated that 
FGF21 induces a shift from white to beige-brown 
adipose tissue due to an increased expression of 
uncoupling protein 1 (UCP1) and other thermo-
genic genes in fat tissues. The primary function of 
brown adipose tissue is to produce heat, a feature 
which is achieved through the function of UCP1. 
UCP1 uncouples oxidation from phosphorylation 
short-circuiting the mitochondrial electron trans-
port chain, driving a futile cycle that produces 
heat. FGF21 is paradoxically increased in obe-
sity, suggesting that obesity is an FGF21-resistant 
state; albeit in humans, short- term treatment with 
an FGF21 analogue has proven to lower body 
weight and improve dyslipidemia and insulin 
resistance in obese patients with type 2 diabetes, 
despite no significant effect on blood glucose. 
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The change in FGF21 concentrations emerged 
as a significant predictor of the change in insu-
lin resistance (HOMA) after weight loss. It is 
noteworthy that FGF21 levels behave differently 
after caloric restriction (with very low-calorie 
diet as well as with gastric banding) compared to 
RYGB. Calorie restriction results in decrease of 
FGF21 levels, while they rise after RYGB [24]. 
This different behavior, the correction of FGF21 
resistance, might suggest an explanation for the 
different evolution of T2D after RYGB as com-
pared with calorie restriction, suggesting a pos-
sible role for FGF21 in the rapid improvement of 
T2D after RYGB.

 Neuro-paracrine Actions of the Gut

It has been demonstrated that nutrient sensing 
and carbohydrate metabolism in the intestine 
influence glucose control and insulin sensitivity, 
complementing the other intestinal effects. These 
mechanisms are believed to be relevant in the 
improvement of diabetes due to RYGB.

 Intestinal Lipid Sensing

Small intestinal infusion of small amounts of 
lipids triggers a gut-brain-liver circuit that regu-
lates glucose production. Thus, the intestine acts 
as an early responder to ingested food, herald-
ing the conversion from a nonfed to a fed state 
and preventing mobilization of endogenous fuel 
stores after meals. This pathway involves intesti-
nal sensing of fatty acyl-coenzyme A molecules 
and generates signals that are transmitted, via 
the vagus nerve, first to the hindbrain and sec-
ond to the liver. These signals enhance hepatic 
insulin sensitivity and reduce hepatic glucose 
output. Thus, the intestine acts as an early sen-
sor to ingested food, and works in line with other 
mechanisms that facilitate an adequate insulin 
secretion and function [25–28] (Fig. 41.2).

RYGB, by directly delivering unconjugated 
nutrients (including free fatty acids which are 
converted to fatty acyl-coenzyme A molecules) 
to the jejunum, could efficiently activate a fat- 
stimulated insulin-sensitizing pathway. The 

precise mechanism remains elusive, but a pos-
sible explanation could be mediated by L and H 
cells, in which a cell neuronal action has been 
described, since these cells also express synaptic 
boutons, neurofilaments, and even synaptic vesi-
cles that connect directly with the enteric nerves, 
providing a pathway to connect the neuro-enteric 
axis. Consequently they provide an anatomic 
rationale to explain other main mechanisms of 
T2D control after RYGB that are the intestinal 
glucose metabolism and the intestinal nutrient 
sensing [9, 29].

 Intestinal Glucose Metabolism 
and Portal Glucose Sensor

Intestinal glucose metabolism depends, at least, 
upon two main components: the intestinal Na /glu-
cose cotransporter SGLT1 and portal glucose sen-
sors. SGLT1, expressed in the small intestine, is 
the main responsible for the dietary glucose uptake 
under physiological conditions, and its duodenal 
SGLT1 expression increases near to threefold in 
T2D compared with controls [30]. SGLT1 over-
expression leads to increased glucose uptake, in 
association with obesity and T2D in murine mod-
els [31], and is induced by the exposure of the 
proximal intestine to increased glucose load [32]. 
Consistently, duodenal exclusion of the alimentary 
limb in the context of RYGB is accompanied by 
changes in intestinal glucose transport capacity, 
with a main reduction in SGLT1-mediated glucose 
uptake prior to onset of feeding [32].

Additionally, some studies suggest that the 
small intestine might produce about one-third 
of glucose after a 72-hour fast due to induction 
of the expression of key enzymes for gluconeo-
genesis in states of energy deficit [33]. This glu-
coneogenesis delivers glucose to the portal vein 
and, when sensed by the portal glucose sensor, 
mainly the GLUT2 receptor [34], is able per 
se to activate the hypothalamic nuclei involved 
in the regulation of food intake and to cause a 
decrease in subsequent food consumption [35]. 
The  location of glucose sensors, in the portal 
vein, has been demonstrated by the evidence that 
when the portal vein is denervated, the effect of 
the neuro- enteric axis disappears [35].
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Portal vein glucose sensor activation engages 
a neurocircuit that increases hepatic insulin sen-
sitivity and decreases hepatic glucose output, 
analogous to the lipid-sensing circuit described 
above, while also inhibiting food intake [29]. 
The importance of this effect in the context of 
RYGB has been stressed in a rodent model, in 
which authors confirm that a gastric bypass 
model in mice is able to promote intestinal glu-
coneogenesis and stimulate the hepatoportal glu-
cose sensor via a GLUT2-dependent pathway 
[36]. Consequently, the gastric bypass procedure, 
through the regulation of the intestinal gluconeo-
genic function, appears to be a crucial actor not 
only in the control of food intake but also for the 
regulation of glucose homeostasis.

 Bile Acid Metabolism

Bile acids are synthesized in the liver from oxida-
tion of cholesterol and stored in the gallbladder 
as the main constituents of bile. Bile acids are 
amphipathic molecules synthesized from choles-
terol in the liver. This amphipathic property (that 

means they have a hydrophobic and a hydrophilic 
side) is essential for facilitating the excretion of 
hydrophobic molecules and allowing the absorp-
tion of dietary lipids from the intestinal lumen, 
which has been classically considered as the 
main bile acid biological function. However, 
recent progress in bile acid research suggests that 
they are important signaling molecules that play 
a role in glucose homeostasis [37] (Fig. 41.3).

Chenodeoxycholic acid (CDCA) and cho-
lic acid (CA) are the two primary bile acids in 
humans. More than 95% of the bile acid pool is 
reabsorbed from the terminal ileum and trans-
ported back to the liver. A limited pool of bile 
acids that is not reabsorbed in the small intestine 
is deconjugated and dehydroxylated by bacteria 
of the gut microflora, leading to the formation 
of the secondary bile acids, deoxycholic acid 
(DCA) from CA and lithocholic acid (LCA) from 
CDCA. These bile acids are reabsorbed passively 
from the colon and return to the liver through the 
portal circulation to exert feedback control on 
bile acid synthesis. During the second passage 
through the liver, a small part of the secondary 
bile acids is again modified by sulfonation or 

Changes in BA entero-hepatic circulation

Corrects the altered BA composition 
induced by T2D and increases the 
total amount of circulating BA. 
Exerts anti-inflammatory, insulin- 
sensitizing effects via enhanced FRX 
and TGR5 mediated effects 
associated with direct effect on 
postprandial glucose metabolism

Fig. 41.3 Schematic representation of the RYGB-induced modifications in bile acid circulation
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glucuronidation giving rise to tertiary bile acids, 
which are able to regulate their own synthesis and 
release.

This enterohepatic circle is altered in patients 
with T2D in whom, despite an absence of differ-
ence in the size of the total bile acid pool, the con-
tribution of specific bile acid species to the pool 
is altered, with a net effect of CDCA decrease 
probably due to changes in the gut microbiota. 
Interestingly, changes in the gut microflora have 
been associated with the development of meta-
bolic diseases (see below). The relevance of the 
composition of the bile acid pool is explained by 
the different metabolic effect of the specific bile 
acid [38]. CDCA is most effective in activating 
Farnesoid X receptor (FXR), while LCA, DCA, 
and CA bind with lower affinity and specificity. 
LCA is most effective binding the G protein-cou-
pled receptor TGR5.

The nuclear receptor FXR is highly expressed 
in the liver and intestine, the main sites of bile 
acid metabolism, but also in the adipose tissue, 
pancreas, and adrenals [39]. Adipose FXR acti-
vation leads to enhanced insulin signaling and 
insulin- stimulated glucose uptake, acting in an 
insulin-sensitizing manner [40]. FXR further 
induces the expression and subsequent secre-
tion of GLP-1 [41] C3 and FGF19. FXR binds 
to C3 complement genes and induces the rise in 
C3 that can be observed in the setting of obe-
sity. Circulating C3 might serve as a signal for 
an immune process that harbors impaired glu-
cose tolerance [42]. On the other hand, FGF19 
can transmit the BA-induced signal to specific 
target tissues and inhibit bile acid synthesis [43]. 
Secretion of FGF19 in the intestine also increases 
energy expenditure and reversed weight gain; as 
a consequence it improves insulin resistance.

TGR5, a bile acid membrane receptor 
expressed in the gallbladder, ileum, colon, 
adipose tissue (brown and white), skeletal 
muscle, and liver, is activated by nanomolar 
 concentrations of LCA and TLCA and micromo-
lar concentrations of CA, DCA, and CDCA. Its 
activation mediates bile acid functions in energy 
and glucose homeostasis, among others [44]. 
Glucose tolerance modulated by TGR5 in high-

fat diet- fed mice depends mainly on GLP1 and 
insulin secretion [45].

Additionally, BA exerts a direct effect on 
postprandial glucose metabolism. In the context 
of RYGB, bile diversion affects postprandial glu-
cose metabolism by modulating sodium-glucose 
intestinal cotransport. The intestinal uptake of 
ingested glucose is blunted in the bile-deprived 
alimentary limb (AL) and is restored by the 
addition of bile or sodium, an observation that 
stresses the importance of the intestinal sodium-
glucose cotransporter [25].

It is noteworthy that total serum bile acid con-
centrations have been found to be up to twofold 
higher in the post-RYGB state. The increase in 
serum bile acids inversely correlates with 2-hour 
postprandial glucose levels [46] due to the 
enhancement of all the aforementioned mecha-
nisms. It also correlates positively with adiponec-
tin and peak GLP-1 [46]. All together, these data 
suggest that modification of bile acid levels and 
composition may contribute to improved glucose 
and lipid metabolism in patients who have under-
gone a RYGB.

 Intestinal Microbiota

The gut microbiota has been directly implicated 
in the etiopathogenesis of a number of pathologi-
cal states as diverse as obesity, autism, circula-
tory disease, inflammatory bowel diseases, and 
type 1 diabetes. The mechanisms through which 
the microbiota exerts its beneficial or detrimental 
influences remain largely undefined, but include 
elaboration of signaling molecules and recogni-
tion of bacterial epitopes by both intestinal epi-
thelial and mucosal immune cells [47, 48]. In 
the context of obesity and insulin resistance, a 
germ- free mice model has been reported to be 
resistant to diet-induced obesity, to express lower 
levels of pro-inflammatory markers, and to have 
improved insulin sensitivity as compared to con-
trols that receive a high-fat diet [49]. Further, 
when transplanted to lean germ-free recipients, 
the  microbiota from mice with diet-induced 
obesity promoted greater fat deposition than 
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transplants from lean donors [50], suggesting a 
potential causal involvement of the gut microbi-
ota in weight regulation and the development of 
obesity (Fig. 41.4).

Several mechanisms have been proposed to 
explain the influence of gut flora in developing 
obesity. First, the gut microbiota is essential for 
processing nondigestible dietary polysaccharides 
to monosaccharides, which can be absorbed by 
the host or further fermented to short-chain fatty 
acids by the microbiota. Short-chain fatty acids 
serve as substrates for hepatic gluconeogenesis 
and de novo lipogenesis. Second, the gut micro-
biota also helps to store calories in adipose tissue 
since it inhibits the expression of angiopoietin- 
like 4  in enterocytes. Angiopoietin-like 4 inhib-
its lipoprotein lipase, the enzyme responsible for 
the hydrolysis of triglycerides, and enables the 
uptake of fatty acids in tissues for storage [51].

The development of diet-induced obe-
sity has a well-known travel partner, insulin 
resistance, and T2D that are also favored by 

low-grade inflammation [52]. Consistently, 
diet-induced obesity is accompanied by high 
levels of lipopolysaccharide (LPS) and other 
pro- inflammatory markers. LPS is part of the 
cell membrane of gram-negative bacteria, which 
are commonly found in the gut microbiota. LPS 
is able to translocate from the intestine to sev-
eral tissue sides and, when bound to the toll-like 
receptor (TLR) 4, trigger a pro-inflammatory 
response mediated by interleukins 1, 6, and 32 
[53] and others, providing a link between diet, 
microbiota, and insulin resistance. Consistently, 
inhibition of TLR4 suppressed this inflamma-
tory response and resolved the insulin resistance 
[54]. In conclusion, chronic higher levels of pro-
inflammatory factors such as LPS lead to inhibi-
tion of insulin signaling in several tissues, which 
may lead to insulin resistance and T2D.

A change in the composition of the gut 
microbiota after RYGB, not dependent on BMI 
or degree of weight and BF% loss, has been 
reported. It is also noteworthy that the fecal 

Effect of fecal microbiota modification

Net effect of fecal microbiota modification

Inflammatory state 
Energy harvest

Basal state RYGB

Short chain fatty 
acid production

Lipopolisaccharides

Fig. 41.4 Schematic representation of the RYGB-induced modifications in fecal microbiota
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microbiota modification, which accompanies 
the metabolic improvement, endures in the 
long term [55, 56]. The importance of the fecal 
microbiota in the surgery-related weight loss 
has been demonstrated after colonizing germ-
free rodents with microbiota that had belonged, 
either to RYGB or obese subjects. After 2 weeks, 
rodents colonized with RYGB microbiota accu-
mulated 43% less body fat, respectively, than 
mice colonized with obese microbiota, while 
mice colonized with RYGB microbiota had the 
highest average increase in lean mass, with no 
differences in food intake. In addition, recipi-
ents of RYGB microbiota showed a decreased 
utilization of carbohydrates and increased uti-
lization of lipids as fuel [56]. Among the major 
changes described, the Bacteroides/Prevotella 
group and Escherichia coli species were 
lower in obese subjects and increased after 
surgery. The Bacteroides/Prevotella group 
correlated negatively with corpulence (this cor-
relation depended highly on caloric intake); 
the Escherichia coli species inversely corre-
lated with BF%. Lactic acid bacteria (Lactob
acillus/Leuconostoc/Pediococcus group and 
Bifidobacterium genus) decreased after surgery. 
Faecalibacterium prausnitzii species was lower 
in subjects with diabetes and associated nega-
tively with inflammatory markers independently 
of changes in food intake [57]. The explanation 
for these changes might be due to a decreased 
short-chain fatty acid production by the gut 
microbiome after RYGB that entails a reduced 
energy harvest from the diet [56] and/or the 
increase in plasmatic secondary bile acid levels 
of RYGB patients that are regulated by the gut 
microbiome (see above).

 Chronic Effects of RYGB

 Islet Cell Dysfunction Improvement

The maintenance of long-term relapse of T2D 
after RYGB seems to be closely dependent on 
the preoperative severity of the pancreatic disease 
and on the pancreatic reserve [3]. T2D progres-
sion is accompanied by a decrease in β-cell mass, 

mainly dependent on apoptosis, while new islet 
formation and β-cell replication are normal [58]. 
Several metabolic mechanisms are involved, 
including mitochondrial dysfunction, oxida-
tive stress, changes in fatty acid metabolism, 
and increased intracellular Ca2+. Adiponectin, 
ghrelin, and systemic inflammation have been 
hypothesized to be the most relevant mediators 
among the mechanisms that modulate pancreatic 
beta- cell apoptosis.

Adiponectin is a hormone secreted by adi-
pose tissue that produces beneficial effects on 
lipid metabolism, enhancing both lipid clearance 
from plasma and beta-oxidation of fatty acids in 
muscle [59]. Higher adiponectin levels are asso-
ciated with better glycemic control, more favor-
able lipid profile, and reduced inflammation in 
diabetic women [60]. It has been reported that 
adiponectin levels rise after RYGB [61] and that 
adiponectin-induced changes in Akt and ERK 
signaling lead to protection against apoptosis and 
stimulate insulin gene expression and secretion 
in pancreatic beta cells [62].

The second mechanism described that medi-
ates the pancreatic derangement related to dia-
betes is associated with inflammasome-mediated 
low-grade, chronic inflammation that may induce 
pancreatic beta-cell dysfunction and apoptosis. 
It has been described in an animal model that 
RYGB also modulates the inflammatory status 
by suppressing the NLRP3 inflammasome in 
pancreatic islets and that this effect may contrib-
ute to improved glycemic control after bariatric 
interventions [63].

Ghrelin, which is mainly produced by the 
stomach, decreases with hyperglycemia and in 
obesity. It has raised plenty theories about its role 
in improving glucose tolerance after RYGB due 
to the variability of ghrelin levels after surgery 
that depend on the degree of dysfunctionality 
of the fundus [64–66]. Despite interesting novel 
theories that suggest a pivotal role of ghrelin in 
reducing apoptosis of pancreatic islet cells after 
RYGB surgery [67], no main difference has been 
observed in the evolution of RYGB depending 
on ghrelin levels, and thus ghrelin seems not to 
be the main factors responsible for the metabolic 
improvement after RYGB.
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 Adipose Tissue Effects

Obesity is frequently accompanied by lipotoxicity, 
which entails a pro-inflammatory- prooxidative 
state that is associated with insulin resistance and 
pancreatic derangement. This state is mainly due 
to visceral adiposity, enhanced by a decrease in 
adipose tissue AMPK activity along with activa-
tion of inflammatory genes [68, 69]. AMPK is an 
energy sensor that restores cellular energy homeo-
stasis. As for the mechanism responsible for the 
elevated AMPK activity postoperatively, adi-
ponectin, GLP1, and substantial weight loss are 
candidates [70]. As aforementioned, adiponectin 
is a hormone secreted by adipose tissue that pro-
duces beneficial effects on lipid metabolism [59], 
glycemic control, and inflammatory profile [60]. 
After surgery, along with the increased AMPK 
activity, inflammatory and oxidative stress mark-
ers have been reported to diminish significantly 
[70]. Mitochondrial dysfunction in adipose tissue 
is among the major adipose tissue-oxidative stress 
mediators. In adipose tissue, chronic nutrient 
overload results in mitochondria- driven increased 
reactive oxygen species leading to carbonylation 
of proteins that impair mitochondrial function 
and downregulation of key genes linked to mito-
chondrial biogenesis. After RYGB, a reduction 

in adipose protein carbonylation and increased 
expression of genes linked to mitochondrial bio-
genesis have been described, starting early after 
surgery and lasting all along the changes in body 
composition, suggesting that these mechanisms 
may collaborate in the postoperative metabolic 
improvements following RYGB [71].

 Conclusions

Obesity is a syndrome that activates a pathophys-
iological positive feedback circle that induces 
the development of cardio-metabolic disease that 
underlies the current pandemia of noncommuni-
cable diseases, which are a main cause of death 
worldwide [72].

It has been widely demonstrated that nowa-
days RYGB is among the most efficient treat-
ments for T2D, and evidence has demonstrated 
that the biliary-microbiota-gut axis is a main 
organ that regulates food intake as well as insulin 
secretion and action to improve glucose toler-
ance. We believe that RYGB exerts a multilinear 
modulation of all the aforementioned mecha-
nisms that, when combined, act synergistically 
and achieve the best results in the T2D manage-
ment currently reported (Fig. 41.5).

Increased amount and 
modified composition of bile 
salts: 
- Increased FXR activity 
- Increased TGR5 activity 
- Modulated SGLT

Intestinal microbiota enrichment: 
- Antiinflamatory effect
- Decreased SCFA production

Modified neuro-paracrine actions of gut:
- Modulated neuro-enteric intestinal nutrient- 
 sensing via vagus nerve.
- Enhanced portal glucose sensor
- Decreased intestinal gluconeogenesis

Modified endocrine actions of gut, with Increased:
- GLP1
- PYY
- GIP
- FGF19
- FGF21

Fig. 41.5 Schematic representation of the RYGB-induced multi-site synergistic effects

41 Mechanisms of Control of Type 2 Diabetes with Gastric Bypass



370

RYGB redistributes synchronically and modi-
fies the composition of the products that com-
municate with the intestinal nutrient-sensing 
and glucose-control mechanisms. Suddenly bile 
is delivered at the distal small intestine, which 
allows a different composition and amount of the 
circulating bile salts, modifying innate immune 
response, glucose sensitivity, postprandial glu-
cose metabolism, energy expenditure, and intes-
tinal microbiota. Intestinal microbiota itself is 
enriched and changes the products derived from 
their metabolism of the nutrients, leading to less 
inflammatory and lower-caloric byproducts. The 
combination of both is sensed in the gut as a less 
digested content that induces satiety and results 
in decreased intestinal gluconeogenesis with 
increased insulin sensitivity, which combined 
with the less inflammatory and lower-caloric 
content induces the improvement of diabetes. 
Additionally, an improved molecular insulin- 
sensitive phenotype of skeletal muscle and adi-
pose tissue appears to contribute to the improved 
whole-body insulin action following a substantial 
weight loss after RYGB [73].
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 Introduction

Obesity and T2DM are among the most devastat-
ing health crises worldwide [1, 2]. Diet, exercise, 
and pharmacotherapy are the cornerstones of 
T2DM management; nonetheless, long-term suc-
cess rates with lifestyle modification and phar-
macotherapy are disappointing, and long-term 
glycemic control is often suboptimal. T2DM is a 
chronic, relentless, progressive disease in which 
the delay of end-organ complications is the major 
treatment goal. However, bariatric and metabolic 
surgery offers the promising endpoint of com-
plete disease remission [3]. In fact, numerous 
randomized clinical trials have demonstrated that 
bariatric surgery achieves superior glycemic con-
trol and reduction of cardiovascular risk factors in 
obese patients with T2DM when compared with 
medical and lifestyle changes [4–19] (Fig. 42.1).

Although bariatric surgery was designed to 
facilitate weight loss, anecdotal reports of rapid 
postoperative remission of T2DM emerged as 
early as the 1950s [20]. Similarly, gastrectomy 
for ulcer disease or cancer has been shown to 
produce rapid postoperative normalization of 
hyperglycemia [21, 22]. It has also been observed 
that operations involving intestinal bypass exert 
an even greater and more durable improvement 

on glycemic control than does gastrectomy alone. 
For example, 84% of obese diabetic patients who 
undergo RYGB experience complete remission 
of T2DM and maintain euglycemia without med-
ication for at least 14 years [23–25].

Current research supports the notion that the 
gastrointestinal tract is an important contributor 
to normal glucose homeostasis and that bariatric 
and metabolic surgery is viable for prevention and 
treatment of T2DM [3–19, 26–28] and represents 
a unique model for studying glucose metabolism. 
Interestingly, some bariatric surgical procedures 
employ mechanisms that improve glucose homeo-
stasis prior to significant weight loss [6]. Changes 
in gut hormones, bile acid metabolism, intestinal 
glucose metabolism, gut microbiota, and nutrient 
sensing of the intestines are all mechanisms that 
have influence on improving postoperative glyce-
mic control [3, 29–38]. This postoperative glyce-
mic control has been shown to be a long-lasting 
effect, with one observational study concluding 
that bariatric and metabolic surgery provided 
sustained improvements in glucose metabolism 
for up to 20 years [39]. Bariatric and metabolic 
surgeries have consistently demonstrated superior 
efficacy in reducing weight and achieving glyce-
mic control when compared to medical therapy 
and lifestyle interventions alone. These trials 
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show reduction in the hemoglobin A1c (HbA1c) 
of 2% for surgery versus 0.5% for conventional 
therapies (P < 0.001) (Fig. 42.2) [4–19, 40].

Though published data reveals that diabetes 
may recur in up to 30–50% of patients who ini-
tially achieve complete remission of T2DM after 
surgery, the median disease-free period among 
individuals’ status-post RYGB is 8.3 years [39, 
41]. Even with T2DM recurrence, the majority of 
patients who undergo bariatric surgery actually 
maintain substantial improvement in glycemic 
control from their preoperative baseline for any-
where from 5 to 15 years [39, 41–45]. In addition 
to improving glycemic control, bariatric surgery 
also reduces vascular complications of T2DM, 

cardiovascular disease (Fig.  42.3), cancer, and 
death [26, 39, 43, 46–50].

When comparing the efficacy of bariatric sur-
gery to maximum medical therapy in the treat-
ment of T2DM, available randomized clinical 
trials and nonrandomized studies show surgical 
efficacy is dependent upon the specific surgical 
procedure performed. The efficacy of weight loss 
and T2DM remission following bariatric surgery 
has been found to be highest with the biliopan-
creatic diversion (BPD) (Fig. 42.4), followed by 
the RYGB, sleeve gastrectomy (SG) (Fig. 42.5), 
and laparoscopic adjustable gastric banding 
(LAGB) (Fig.  42.6), respectively (Table  42.1) 
[4–19, 51–55].

 Mechanism of T2DM Remission 
Following Gastrointestinal Surgery

The gut produces greater than 100 known bio-
active peptides [3]. Although numerous physi-
ological consequences of bariatric and metabolic 
operations contribute to the antidiabetic ben-
efits of surgery, the exact mechanisms mediating 
T2DM remission after the various operations are 
far from being fully understood [3, 29, 32–38].

 Starvation

Before discussing the effects of intestinal bypass 
on glucose homeostasis, one must consider the 
antidiabetic mechanisms of starvation. It is 
hypothesized that remission of T2DM following 
surgery is achieved as a result of postoperative 
starvation and rapid weight loss. In this model, 
T2DM resolves because pancreatic beta cells are 
no longer challenged with nutrients. By the time 
the early postoperative dietary restrictions have 
been lifted, the patient begins to experience the 
hepatic insulin-sensitizing effects of weight loss 
resulting from severe energy restriction. Given 
the known effects of acute starvation and weight 
loss to improve diabetes, this hypothesis has 
merit.

In starvation and in the post RYGB patient, there 
are comparable reductions in insulin levels, basal 

c Roux-en-Y gastric
 bypass (RYGB)

Fig. 42.1 (Used with permission from Rubino et al. [3])
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d Biliopancreatic 
   diversion (BPD) 

Fig. 42.4 (Used with permission from Rubino et al. [3])

c Sleeve 
   gastrectomy (SG)

Fig. 42.5 ( Used with permission from Rubino et al. [3])
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rate of hepatic glucose production, and intrahe-
patic lipid content, and there is increased hepatic 
insulin sensitivity in obese patients with T2DM 
after only 1 week [56–58]. Intracellular lipids in 
the liver and peripherally in the muscle are the 
most significant known contributors to blood 
glucose levels and contribute to insulin resistance 
[59]. Thus, improved hepatic insulin sensitivity 
induced by postoperative starvation may explain 

the isolated reduction in the homeostatic model 
assessment for evaluating pancreatic beta cell 
function and insulin resistance (HOMA-IR) seen 
early after gastric bypass.

However, if starvation were the only mecha-
nism at work, one would predict that LAGB 
patients would achieve similar T2DM remis-
sion rates as the RYGB and the BPD. However, 
T2DM resolves in only 48% of cases after LAGB 
compared with 84% and a greater than 95% after 
RYGB and BPD, respectively (Table 42.1) [23]. 
Additionally, resolution of T2DM after LAGB 
 occurs over many weeks to months, whereas 
T2DM resolution after the RYGB and BPD 
occurs almost immediately and, importantly, 
before significant weight loss has occurred [25]. 
In a landmark study by Schauer et al., in patients 
undergoing RYGB with T2DM severe enough to 
be treated with oral medications and/or insulin, 
30% were discharged from their initial surgical 
hospitalization with normal plasma glucose lev-
els off all diabetes medications after an average 
hospital stay of the only 2.8  days. Most of the 
remaining patients discontinued their diabetes 
treatments within a few weeks. The eventual 
complete remission rate was 83% [25].

Mounting evidence shows that certain intes-
tinal diversionary operations resolve T2DM 
through mechanisms beyond weight loss and 
reduced caloric intake. Data favoring this asser-
tion are derived from the following observations:

• Rapid postoperative T2DM remission before 
substantial weight loss is common.

• Greater improvements in glucose homeostasis 
occur after RYGB when compared to 
 equivalent weight loss from purely gastric 
restrictive operations or nonsurgical 
interventions.

• Glucose tolerance improvement is found fol-
lowing experimental intestinal procedures that 
cause little or no weight loss.

• Occasional development of late-onset beta 
cell hyperactivity is noted after intestinal 
bypass procedures.

Potential mechanisms underlying the direct 
antidiabetic effect of RYGB include enhanced 
nutrient stimulation of the lower intestinal 

b Adjustable gastric 
banding (LAGB)

Fig. 42.6 (Used with permission from Rubino et al. [3])

Table 42.1 

LAGB RYGB BPD
Resolution of T2DM 48% 84% 98%
Resolution of hypertension 43% 68% 83%
Improvement of hyperlipidemia 59% 97% 99%
% Excess weight loss 47% 62% 70%

Used with permission from Rubino et al. [3]
Abbreviations: LAGB laparoscopic adjustable gastric 
banding, RYGB Roux-en-Y gastric bypass, BPD biliopan-
creatic diversion, T2DM type 2 diabetes mellitus
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hormones, altered physiology from excluding 
ingested nutrients from the upper intestines, 
compromised ghrelin secretion, modulation of 
intestinal nutrient sensing, and regulation of 
insulin sensitivity [30, 60–62].

 The Stomach

As mentioned above a link between gastrectomy 
and glycemic control has been recognized for 
over 60 years [20]. The stomach produces three 
peptide hormones known to be directly and indi-
rectly involved in glucose homeostasis.

The first, ghrelin, is a 28-amino acid hormone. 
Ghrelin, the only known circulating orexigenic 
hormone, is produced (90%) in the stomach and 
to a lesser extent in the duodenum and pancreatic 

islet epsilon cells [30, 63–68]. Ghrelin is primar-
ily produced in the gastric fundus, and normally 
plasma levels increase before a meal and decrease 
postprandially (Fig. 42.7). Ghrelin is thought to 
stimulate meal initiation [69–71], and in addition 
to its orexigenic properties, ghrelin also has the 
effect of being pro-diabetic through:

• Stimulating insulin counter-regulatory 
hormones

• Suppressing the insulin-sensitizing hormone 
adiponectin

• Blocking hepatic insulin signaling
• Inhibiting insulin secretion
• Increasing food intake
• Increasing the use of glucose by adipose 

tissue
• Increasing cortisol levels
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• Increasing epinephrine levels
• Interfering with hepatocyte glucose metabo-

lism [69, 72–76]

Ghrelin plasma levels are generally inversely 
proportional to the degree of adiposity, yet, imme-
diately after RYGB, plasma levels are relatively 
constant and may be reduced up to 75% prepran-
dially (Fig. 42.7). RYGB is thought to inhibit pro-
duction of ghrelin through “override inhibition.” 
Override inhibition is a theory that states that if 
a hormone secretion is triggered by an episodic 
stimulus, then its secretion will be paradoxically 
inhibited when the stimulus occurs continuously. 
Ghrelin secretion would be stimulated continu-
ously after gastric bypass by an empty stomach; 
thus, ghrelin levels and its pro- diabetic effect are 
paradoxically lower postoperatively [69, 70, 77].

Ghrelin acts as an anti-incretin (an incretin 
is a hormone that stimulates insulin secretion in 
response to a meal) to limit peripheral glucose 
use, and the suppression of ghrelin after gastric 
bypass improves glucose homeostasis [62].

The second hormone produced by the stom-
ach that contributes to glucose homeostasis is 
gastrin. G-cells in the pyloric antrum, duodenum, 
and pancreas produce gastrin. Gastrin is stimu-
lated by gastric nutrient exposure, and its effects 
include satiety, increased gastric secretions, 

increased pancreatic exocrine secretions, stimula-
tion of glucagon release, and a proliferative effect 
on pancreatic islet beta cells [78, 79]. Gastrin-
deficient mice exhibit mild hypoglycemia and a 
defective glucagon secretory response to insulin-
induced hypoglycemia. This, combined with its 
proliferative effects on pancreatic beta cells, has 
the effect of improving T2DM [80]. Grong et al. 
have recently shown that gastrin levels are sig-
nificantly reduced after RYGB.  This would be 
expected since RYGB isolates the gastric antrum 
from nutrient stimulation [81] (Fig. 42.8).

Glucose-dependent insulinotropic polypep-
tide (GIP) is the third gastric hormone involved 
in glucose homeostasis. GIP is a 42-amino acid 
peptide secreted by the stomach, and proximal 
small intestine K-cells in response to a nutrient 
exposure and levels are elevated after RYGB. As 
with most intestinal hormones, GIP’s half-life 
is very short (only about 5  minutes) [82]. GIP 
potentiates glucose-stimulated insulin secretion 
through transmembrane GIP receptors (GIPR) 
located in the pancreas, stomach, small intestine, 
and adipose tissue [83]. GIP is a classic incre-
tin hormone and acts to increase beta cell insulin 
release, increase muscle cell uptake of glucose, 
increase liver uptake of glucose, decrease pan-
creatic alpha cell glucagon secretion, decrease 
hepatic gluconeogenesis, and increase beta cell 
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mass and pancreatic islets all of which lead to 
improved glucose homeostasis in the patient suf-
fering from T2DM (Fig. 42.9) [84, 85].

GIP appears to increase beta cell secretion of 
insulin by increasing the beta cell exocytosis, 
increasing beta cell insulin synthesis, activat-
ing beta cell antiapoptotic pathways, reduc-
ing proapoptotic protein BAX, and increasing 
antiapoptotic protein BCL2 in diabetic rodents 
[86]. GIP additionally enhances adipocyte 
energy storage and decreases insulin’s effect on 
adipocytes [87].

 The Upper Intestinal Hypothesis

The upper intestinal hypothesis proposes that 
the exclusion of a short-segment proximal small 
intestine from contact with ingested nutrients 
produces direct antidiabetic effects through 
unidentified factors or processes that influence 
glucose homeostasis in a manner that is indepen-
dent of weight loss [30]. The proximal bypass, 
primarily the duodenum, is short enough that it 
is unlikely that it would promote rapid delivery 
of nutrients to the distal small intestine entero-
endocrine cells.

Some of the strongest supports for this model 
come from studies performed with a gastric- 
sparing variant of the RYGB known as the 
duodenal- jejunal bypass (DJB) developed by 
Francesco Rubino. In the DJB the stomach is left 
intact, and a modest bypass of proximal small 
intestines is created similar to that in a standard 
RYGB (Fig. 42.10). When this operation is per-
formed on diabetic Goto-Kakizaki rats, diabe-
tes improves rapidly and durably even though it 
caused no reduction in food intake, body weight, 
or nutrient absorption compared with sham- 
operated controls [29, 60, 88]. Drs. Cohen and 
Ramos performed DJB on nonobese patients 
with T2DM.  Postoperatively, the patients had 
lower fasting blood glucose levels, normalization 
of HbA1c levels (8–9% preoperatively compared 
to 5–6% postoperatively), and cessation of all 
diabetic medications with or without weight loss 
[89, 90].

Additional support for the upper intestinal 
hypothesis comes from experiments with the 
endoscopic duodenal-jejunal liner sleeve (ELS), 
a flexible plastic sleeve implanted in the upper 
intestine causing food to move from the pylorus 
to the beginning of the jejunum without coming 
in contact with intestinal mucosa (Fig.  42.11). 
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Prospective randomized clinical trials of the 
ELS produced lower fasting blood glucose lev-
els, improved glucose tolerance, and showed 
a decrease in the hemoglobin A1c (HbA1c) of 
2.9% compared to controls which had a decrease 
of the HbA1c of only 0.8% with diet and exer-
cise [91–93]. These findings indicate that, if you 
can keep nutrient exposure from the duodenum 
and proximal jejunum, it blocks signals that pro-
mote T2DM in patients suffering from the dis-
ease. Additionally, the antidiabetic effect of the 
DJB and the ELS is reversed with reconstitution 
of bowel anatomy or with removal of the endo-
scopic sleeve [60].

Duodenal sensing of a high-protein or high-
fat meal generates neural signals via the affer-
ent vagus nerve to the hindbrain and then down 
the efferent vagus nerve to the liver, enhancing 
hepatic insulin sensitivity and decreasing hepatic 
gluconeogenesis. This normal intestine-brain- 
liver neural circuit increases hepatic insulin 
sensitivity and is bypassed by the RYGB and 
DJB [94]. Bypassing this glucose homeostatic 

a Duodenal-jejunal 
bypass (DJB)

Fig. 42.10 (Used with permission from Rubino et al. [3])

Mucosa Isolated
from nutrlents

Mucosa exposed
to nutrlents

Fig. 42.11 (Used with permission from Rubino et al. [3])

42 The Gut and Type 2 Diabetes Mellitus



384

mechanism and still achieving improved glu-
cose homeostasis are paradoxical in the diabetic 
patient who undergoes DJB, RYGB, or BPD.

The above notwithstanding, proximal small 
intestinal bypass also delivers nutrients directly 
to the small bowel, and doing so has also been 
shown to activate neural and metabolic feedback 
circuits that counteract energy excess and glucose 
imbalance via a gut-brain-liver neuroendocrine 
axis [95–102]. In fact intra-jejunal lipid infusion 
lowers food intake in humans [103, 104]. The 
underlying mechanisms of jejunal lipid sensing 
are unclear, but a gut-brain contribution appears 
to be in effect [105, 106].

Interestingly, small intestinal bypass after 
RYGB also induces intestinal gluconeogenesis in 
the Roux limb. Saeidi et al. evaluated the Roux 
limb contribution to glucose homeostasis after 
RYGB in diet-induced obese rats [38]. The Roux 
limb underwent adaptive changes including 
upregulation of glucose transporter 1 expression, 
increased basolateral glucose uptake, increased 
aerobic glycolysis, decreased gluconeogenesis, 
increased cholesterol production, and increased 
glucose utilization and uptake. The aforemen-
tioned produces increased glucose levels in the 
portal vein which then activate portal vein glucose 
sensors which in turn engage a neural circuit that 
increases hepatic insulin sensitivity, decreases 
hepatic gluconeogenesis, and decreases food 
intake [107]. Post RYGB the intestines became 
a major tissue for glucose disposal and improved 
glycemic control. After RYGB the intestine actu-
ally had the highest tissue glucose uptake in the 
body per gram of tissue. The adaptive changes 
were felt to be secondary to exposure of the Roux 
limb to undigested nutrients and were an impor-
tant factor in glucose homeostasis. Many ques-
tions remain regarding nutrient- stimulated neural 
circuits influence on glucose metabolism, as well 
has how these pathways are affected after RYGB 
and DJB in the diabetic patient [30].

 The Lower Intestinal Hypothesis

The lower intestinal hypothesis proposes that 
expedited delivery of ingested nutrients to the 
lower intestine is the mechanism for improved 

glucose homeostasis after gastric bypass or 
other intestinal bypass procedures. The con-
cept that rapid delivery of nutrients to the dis-
tal intestines could influence the actions of the 
proximal bowel was first described as the “ileal 
brake” in 1983 [108]. Rapid delivery of nutrients 
to the lower intestines decreases gastric empty-
ing, decreases food intake, and decreases small 
bowel transit of nutrients [108–110]. Consistent 
with the lower intestinal hypothesis, the bariatric 
operations most noted for rapid T2DM remis-
sion, the RYGB, and the BPD create intestinal 
shortcuts for food to access the distal intestines. 
When high concentrations of unabsorbed nutri-
ents are expedited to the distal intestine, the 
secretion of intestinal hormones such as peptide 
YY (PYY) and proglucagon-derived peptides 
(PGDPs) glucagon- like polypeptide 1 (GLP-1), 
glucagon- like polypeptide 2 (GLP-2), and oxyn-
tomodulin (OXM) are hyperstimulated from 
 enteroendocrine L-cells in the ileal and colonic 
mucosae [111–115].

GLP-1 is another classic incretin that increases 
5–10-fold postprandially with a half-life of less 
than 2 minutes being cleared by dipeptidyl pep-
tidase 4 (DPP-4 inactivates both GLP-1 and 
GIP) [115–119]. GLP-1 secretion is elevated 
after RYGB by nutrient stimulation of enteroen-
docrine L-cells [111]. GLP-1 improves glucose 
homeostasis by stimulating glucose-dependent 
insulin secretion, inhibiting glucagon secretion, 
enhancing beta cell response to glucose, inducing 
beta cell neogenesis and proliferation, inhibiting 
beta cell apoptosis, increasing muscle uptake 
of glucose, increasing liver uptake of glucose, 
decreasing hepatic gluconeogenesis, and increas-
ing beta cell mass (Fig. 42.9) [84, 85]. It is the 
expansion of beta cell mass that some claim may 
cause hyperinsulinemic hypoglycemia seen in 
over 30% of patients after RYGB [120–122].

Another PGDP peptide, oxyntomodulin, is 
a 29-amino acid sequence of glucagon with an 
8-amino acid carboxy-terminal extension. OXM 
is also produced in ileal enteroendocrine L-cells. 
OXM improves glucose homeostasis after RYGB 
by stimulating intestinal glucose uptake and insu-
lin secretion, delaying gastric emptying, decreas-
ing food intake, increasing satiety, and increasing 
energy expenditure. Preprandial administration 
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of oxyntomodulin reduced voluntary energy 
intake by 17% and increased activity-related 
energy expenditure by 26% and total energy 
expenditure by 9.4% in overweight and obese 
patients [123–126].

GLP-2 is a 33-amino acid PGDP secreted with 
GLP-1 from enteroendocrine L-cells in a nutrient- 
dependent manner. GLP-2 appears to have an 
intestinotrophic effect on the bowel, but there 
is no evidence that it directly regulates insulin 
secretion or glucose homeostasis in humans. This 
intestinotrophic effect may have future utility in 
patients with short bowel syndrome [127, 128].

GLP-1 and PYY are substantially and durably 
elevated after RYGB but not after LAGB [129–
136]. Exogenous PYY stimulates a neuroendo-
crine pathway via the vagus nerve and produces 
the effect of satiety [137, 138]. These effects are 
mediated presumably through inhibition of gut 
motility by way of vagal efferent neurons that 
descend from the hindbrain and via inhibition of 
neuropeptide Y2 receptors in the hypothalamus, 
leading to disinhibition of neurons that express 
the anorectic peptides α-MSH and cocaine- 
and amphetamine-regulated transcript [131]. 
Madsbad et  al. nicely summarize the effects of 
PYY and PGDPs after RYGB in Fig. 42.12.

Further support for the lower intestinal 
hypothesis comes from a novel operation 
involving ileal interposition or ileal transposi-
tion (IT) first described by Koopmans et  al. in 
1982 [139]. In this operation a segment of the 
L-cell-rich ileum is transplanted in an isoperi-
staltic fashion into the upper intestine near the 
ligament of Treitz (Fig.  42.13). This proximal 
positioning directly exposes the ileal mucosa to 
high concentrations of undigested nutrients. IT 
greatly enhances postprandial levels of GLP-1 
and PYY and results in satiety and improved 
glycemic control without significant weight loss, 
gastric restriction, or malabsorption [108, 109, 
140, 141]. In a study of 60 patients with T2DM 
and a body mass index of only 24–34, De Paula 
et al. reported resolution of T2DM in 87% of the 
patients after IT [108, 142].

Understanding the roles of GLP-1 and DPP-4 
has led to therapeutic benefits for the patient 
suffering from T2DM.  Both GLP-1 receptor 
agonist (Byetta, Bydureon, Tanzeum, Trulicity, 

and Victoza) and DPP-4 inhibitors (Sitagliptin 
Saxagliptin) are currently useful adjuncts in the 
treatment of T2DM.

 Bile Acids

Bile acids (BA) are amphipathic molecules syn-
thesized from cholesterol in the liver. They are 
physiological detergents that play important roles 
in facilitating hepatobiliary secretion of endobi-
otic and xenobiotic metabolites. In the intestines, 
BA help intestinal absorption of dietary fats, 
fat- soluble vitamins, and other nutrients. Over 
the past decade, it has become evident that BA 
function as more than just digestive surfactants 
but are involved as signaling molecules in a wide 
range of biological functions, including glucose 
and lipid metabolism, energy homeostasis, and 
the modulation of immune response. Among the 
changes to gut physiology that occur following 
bariatric surgery is an altered enterohepatic cir-
culation of BA. RYGB is associated with a sub-
stantial increase in circulating total BA in humans 
and in rodent models. It is now clear that BA bind 
to the nuclear receptor FXR (farnesoid x recep-
tor, NR1H4) and cell surface G-protein-coupled 
receptors such as TGR5 to function as signal-
ing molecules contributing to the regulation of 
various metabolic processes including glucose 
homeostasis [143, 144]. FXR is expressed in the 
liver, intestine, and adipose tissue and appears to 
be involved in regulating BA synthesis as well 
as lipid and glucose metabolism in the liver and 
intestines. FXR-deficient mice develop insulin 
resistance with hyperglycemia, impaired glucose 
tolerance, and severely blunted insulin signaling 
in both the liver and muscle [144]. TGR5 activa-
tion by BA stimulates rapid intracellular cyclic 
adenosine monophosphate (c-AMP) production 
and protein kinase A activation. TGR55 appears 
to be involved in regulating energy metabolism 
in adipose tissue and in the secretion of GLP-1 
from enteroendocrine L-cells [144–147]. A study 
comparing nondiabetic post RYGB patients with 
morbidly obese and overweight controls found 
a more than twofold elevation of fasting BA in 
the post RYGB group [144]. The FXR path-
way appears to be related to sustained weight 
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Fig. 42.12 Early effects of RYGB are induction of post-
prandial increases in GLP-1, PYY, and OXM because of 
the fast entry of food into the small intestine, while ghre-
lin secretion is reduced. Together, these changes are prob-
ably the main causes of reduced appetite and food intake. 
The exaggerated GLP-1 response also accounts for the 

increase in insulin secretion seen in patients with T2DM 
after RYGB.  Reduced postoperative caloric intake 
increases hepatic insulin sensitivity within a few days 
after surgery. Later effects include improvements in skel-
etal muscle insulin sensitivity. (Reproduced with permis-
sion from Madsbad et al. [31])
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loss, suppression of rebound hyperphagia, and 
improved glucose control, but the precise mecha-
nisms require further elucidation [36].

 Microbiota

Gut microbial communities are altered in obese 
individuals compared to their nonobese coun-
terparts. Human microbiota respond to changes 
in caloric intake and macronutrient content  of 
the diet. Recent evidence implicates dramatic 
changes in gut microbial communities both in 
humans and mice, as potential contributors to 
the benefits of bariatric and metabolic surgery. 
Patients’ microbiota after RYGB demonstrate 
an increase in Proteobacteria in comparison 
to nonoperated severely obese cohorts [33]. 
Transplantation of the gut microbiota from 
obese mice into gnotobiotic mice is associated 
with weight gain, whereas transplantation of 
gut microbiota from RYGB patients into gno-
tobiotic mice is associated with weight loss, 
reduced fat deposition, and a reduced respira-
tory quotient indicating a decreased use of car-
bohydrates as fuel compared to transplantation 
with sham microbiota [33, 36]. A decrease in 
adiposity and body weight without a change in 
food intake suggests that the RYGB-associated 
microbiota may either reduce the ability to 
harvest energy from the diet or produce sig-
nals regulating energy expenditure and/or lipid 

metabolism [36]. It is clear from studies that 
RYGB improves glucose metabolism in animals 
and in people. However, the degree to which 
the RYGB-altered microbiota mediates those 
improvements remains uncertain [37].

 Conclusion

RYGB causes complete remission of T2DM in 
a large majority of cases. This remarkable phe-
nomenon results from effects beyond those 
related to starvation and weight loss. The evi-
dence supports weight loss-independent antidia-
betic actions of RYGB.  After RYGB there is a 
very rapid resolution of T2DM before significant 
weight loss occurs. There is also greater improve-
ment of glucose homeostasis than after equiva-
lent weight loss from other means, and there is 
the development of improved pancreatic beta cell 
function. Several mechanisms likely mediate the 
direct antidiabetic impact of RYGB, including 
enhanced nutrient stimulation of L-cell peptides 
(GLP-1, OXM) from the lower intestine, altera-
tions in nutrient sensing, and the gut-brain-liver 
axis related to exclusion of the upper intestine 
from contact with ingested nutrients, compro-
mised ghrelin secretion, altered BA metabolism, 
altered gut microbiota, and other effects that have 
yet to be discovered. It is increasingly clear that 
the gut plays a major role in glucose homeostasis, 
regulating both insulin secretion and sensitivity 
in the liver and peripherally, and RYGB probably 
influences several gastrointestinal pathways in 
complementary ways to improve glucose control 
(Fig.  42.12). Sorting out these mechanisms, as 
well as identifying potential additional pathways, 
is a compelling research objective that will pro-
vide for improved surgical design and novel tar-
gets for the treatment of diabetes.
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 Context and Objectives

Current estimates by the World Health 
Organisation suggest that more than 600 million 
individuals or approximately 8% of the global 
population have a body mass index (BMI) 
≥30  kg/m2 and are hence classifiable as obese 
[1]. Recent designation of obesity as a disease by 
influential bodies such as the American Medical 
Association means that by extrapolation obesity 
can objectively be quantified as constituting one 
of the most pressing health challenges of our 
time.

The development of molecular microbiology 
has led to a growing recognition that the essential 
functions of the human body arise as a synthesis 
of interactions between a collaborative consor-
tium of host eukaryotic cells, microbial eukary-
otic and prokaryotic cells and commensal virions 
(microbiome) [2]. Recognising alterations in 
these symbiotic relationships as an essential ele-
ment of disease pathogenesis represents a 

 paradigmatic shift and a challenge to modern 
medicine as it considers new approaches to the 
diagnosis and management of disease. Obesity 
and diabetes are in the vanguard of these new 
directions in medicine being as they are inextri-
cably linked to one of the major sites of microbial 
colonisation in the body, namely, the gastrointes-
tinal tract (GT) [3–5].

Diet, exercise and host genetics cannot fully 
explain the pathogenesis of obesity and diabe-
tes. The present chapter firstly summarises cur-
rent theory on the major means by which 
alterations in the gut microbiome may be caus-
ally linked to the development of these diseases. 
Subsequently the objectives, methodological 
approaches and key findings from the major 
studies in the literature examining changes in 
the gut microbiota after gastric bypass surgery 
are described. The chapter concludes by bring-
ing together some of the potential mechanisms 
by which changes in the gut microbiota after 
gastric bypass might play an active causative 
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role in the bariatric and  metabolic effects of gas-
tric bypass and outlines some perspective on 
future focus.

 Structure and Function of the Gut 
Microbiota

The gastrointestinal tract (GIT) constitutes the 
major reservoir of microorganisms in the human 
body. The density of microbial (bacterial) colonisa-
tion increases aborally from 103 organisms/gram of 
contents in the duodenum to 1011 organisms/gram 
of contents in the large intestine [6]. The marked 
increase in density arising with increased distance 
along the tract can be attributed to the provision of a 
more stable niche in terms of (1) segment motility/
transit, (2) chemical environment with increasing 
pH developing distally as the influence of gastric 
acids and bile acids dissipates (3) a less marked 
innate mucosal immune response evidenced by 
reduced release of bactericidal factors and (4) provi-
sion of a more developed mucous gel layer substrate 
for bacterial growth. Growth characteristics of colo-
nising species become progressively more anaero-
bic in character with increasingly distal location.

The number of bacterial species supported by 
the human intestine has been estimated to be in 
the region on 1000. Within any given individual, 
the total number of colonising bacterial species is 
estimated to be around 150–160 being consti-
tuted by a core membership drawn from five 
main phyla, namely, Firmicutes, Bacteroidetes 
(together accounting for 90%), Proteobacteria 
and Verrucobacteria [7]. Functional clustering of 
microbiota results in the identification of three 
overarching enterotypes in humans stable over 
race, age, sex and location [6]. Interindividual 
differences in the fine structure of composition 
can be explained to some degree by diverse fac-
tors including age, diet and mode of delivery at 
birth (vaginal versus Caesarian section) [8, 9]. 
The last point emphasises the crucial importance 
of the first species colonising the sterile neonatal 
gut in setting the basic core structure of the 
microbiota. This then stabilises and becomes 
rather resistant to major changes from the age of 
2 to 3 years onwards.

The key contributions to symbiosis provided 
for by the gut microbiota are classically consid-
ered to be the provision of short-chain fatty acids 
for colonocyte health, fermentation products 
suitable for energy synthesis as the result of 
digestion of fibre and the provision of vitamins 
such as vitamin K.  More recent advances have 
demonstrated that the gut microbiota play a criti-
cal role in the overall digestion, absorption and 
utilisation/storage of ingested nutrient through 
maintenance of gut barrier function [10] and 
modulation of dietary energy harvest and modifi-
cation of post-absorptive metabolism [11]. 
Linkages to higher control of ingestive behaviour 
through changes in gut hormone profiles and 
hypothalamic satiety signalling are also increas-
ingly being revealed [11].

Thus the general recognition that the gut 
microbiota might play a role in the coordination 
of multiple aspects of metabolism and ingestive 
behaviour has led to a large body of research 
effort focussed on describing associations 
between microbiota composition and the devel-
opment and progression of obesity and 
diabetes.

 Theories on the Role of the Gut 
Microbiota in Obesity and Diabetes

The gut presents the largest internal surface area 
in the body in continuity with the external world 
[12]. A critical tension thus exists between main-
taining the separation and protection of the inter-
nal milieu and the assimilation of nutrient from 
and extrusion of waste to the exterior. This relies 
on highly selective permeability achieved through 
the inherent structural integrity of the intestinal 
epithelium coupled to epithelial and lamina pro-
pria lymphocyte-derived secretion of a mucus gel 
layer, associated bactericidal factors and secre-
tory IgA immunoglobulin, all of which require a 
degree of collaboration between host and 
“friendly” microbe [13].

A fundamental line of evidence linking the 
microbiota to adiposity was elucidated in 2004 
when Backhed and colleagues demonstrated that 
conventionalisation of germ-free mice with trans-
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fer of caecal microbiota from specific 
 pathogen- free mice resulted in increased body 
weight through augmented energy uptake and 
storage in fat [14]. This implied that weight gain 
following excessive caloric intake must rely on 
the microbiota and/or that shifts in microbiota 
composition that increase energy harvest could 
be involved in extracting higher levels of energy 
from diets of normal caloric content. Turnbaugh 
and colleagues demonstrated that increases in 
Firmicutes/Bacteroidetes ratios in obese mice 
were associated with adiposity and transmission 
of the obese phenotype to lean mice through 
cross-colonisation [15].

Diets enriched in saturated fats have been 
proposed to play a major permissive role in 
allowing the intestinal microbiota to negatively 
influence host metabolism and adiposity [16, 
17]. Lipopolysaccharide (LPS) is the major 
pathogen- associated molecular pattern (PAMP) 
derived from gram-negative bacteria. LPS stimu-
lates innate immune reactivity through activation 
of the CD14/Toll-like receptor-4 complex. 
Increased dietary fat intake results in elevation 
of circulating LPS through increases in intestinal 
epithelial micellar uptake of LPS, its packaging 
within chylomicrons and distribution to the adi-
pose depots [18, 19]. Enhanced paracellular flux 
of LPS and bacterial translocation via increases 
in intercellular permeability secondary to 
reduced tight- junction patency have also been 
described in obesity [17]. Resulting metabolic 
endotoxaemia as it is termed is implicated as a 
driver of peripheral insulin resistance through 
the establishment of adipose insulin resistance 
and subsequent skeletal muscle insulin resis-
tance occurring secondary to ectopic fat 
storage.

Another means by which the intestinal micro-
biota has been implicated in obesity and diabetes 
is through modulation of energy harvest and stor-
age from the diet. Gut microbiota catalyse the 
enzymatic generation of absorbable saccharides 
from fibre and the generation of short-chain fatty 
acids through subsequent fermentation reactions. 
Aside from their ascribed roles in colonocyte 
health, the major short-chain fatty acids butyrate, 
acetate and propionate can be used as substrates 

for gluconeogenesis and hepatic lipogenesis pro-
viding for anabolic effects [11].

Simultaneously the intestinal microbiota 
exerts a tonic inhibition on the expression and 
release of the anti-anabolic factor angiopoietin- 
like 4 (Angptl4) from the intestinal epithelium. 
Angptl antagonises the actions of lipoprotein 
lipase in adipose tissue, and restriction of its 
bioactivity promotes the discharge and uptake 
into adipose tissue of lipid cargo from circulat-
ing lipoprotein complexes [14]. High levels of 
SCFA production can also limit fat catabolism 
through inhibition of the AMP-activated protein 
kinase (AMPK) which when activated drives 
fatty acids into mitochondrial respiration for 
utilisation rather than storage through anabolic 
pathways [14].

Convergent studies in animal models of diet- 
induced obesity and profiling of faecal microbiota 
in humans with obesity reveal that the obese gut 
microbiome has reduced diversity and a relative 
increase in Firmicutes phylum versus a relative 
loss of the Bacteroidetes phylum [20]. Loss of 
candidate individual species such as F. prausnitzii 
and A. muciniphila which are associated with 
preservation of anti-inflammatory tone and gut 
barrier integrity has been identified in several 
studies of the obese and diabetic faecal microbi-
ome [21].

 Key Studies Examining Changes 
in the Gut Microbiota after Gastric 
Bypass

Since 2009, seven principle original research 
communications can be identified that have con-
tributed to understanding of the impact of gastric 
bypass on the composition and activity of the gut 
microbiota. These encompass studies in rodents 
and man both cross-sectional and longitudinal in 
design. All characterise compositional changes, 
and some make compositional change-function 
inferences based on microbiota transplantation 
experiments and functional metagenomic annota-
tion. The study design, methodological 
approaches and major findings of these studies 
are summarised below.
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 Studies Describing Compositional 
Alterations

Zhang and colleagues [22] used 454 pyrosequenc-
ing methods to define and cross-sectionally com-
pare the human gut microbiota in three categories 
of individual: normal weight (NW, n = 3), morbidly 
obese (OB, n  =  3) and post-gastric bypass (GB 
n = 3). The study aimed to identify specific micro-
bial lineages that may play a vital role in obesity 
development and to determine whether presence or 
abundance of these microorganisms changed after 
gastric bypass. A total of 184,094 16S rRNA gene 
sequence tags derived from 16S rRNA PCR ampli-
cons were subjected to sequencing.

UniFrac distance matrix analysis showed sep-
aration of the NW and OB groups with two out of 
three samples from the GB group forming a dis-
crete cluster. The gut microbiota was shown to 
contain sequences from six phyla. Most 
sequences belonged to Firmicutes and 
Bacteroidetes, with the rest drawn from 
Proteobacteria, Actinobacteria, Fusobacteria 
and Verrucomicrobia. Sequences from the fami-
lies Prevotellaceae (phylum = Bacteroidetes) and 
Erysipelotrichaceae (phylum = Firmicutes) were 
mostly harboured in patients from the OB group. 
Fusobacteria and the family Enterobacteriaceae 
(within Proteobacteria) were found only in the 
RYGB group. GB markedly altered the stool 
microbial community structure towards an 
increase in Gammaproteobacteria with propor-
tional decreases in Firmicutes.

Higher numbers of Archaea were observed in 
the OB group, a finding which segregated with 
the almost exclusive presence in this group of the 
order Methanobacteriales from the archaeal phy-
lum Euryarchaeota. The mechanism connecting 
obesity to methanogens may be in part due to the 
transfer of H2 from H2-producing bacteria to a H2 
using methanogens. Methanogen metabolism 
may boost host energy extraction from indigest-
ible polysaccharides by removing fermentation 
intermediates to allow for greater production and 
absorption of SCFAs across the intestinal epithe-
lium. Syntrophic partnerships between H2- 
producing bacteria such as Prevotellaceae which 
are increased in obesity may signal that specific 

bacteria-archaea interdependent relationships 
could be of functionally importance in the devel-
opment of the obese phenotype.

Furet and colleagues [23] conducted a longi-
tudinal study involving 30 female patients with 
morbid obesity undergoing gastric bypass sur-
gery and 13 lean control volunteers. The faecal 
microbiota was profiled at low coverage using 
specific genus- and species-level quantitative 
PCR techniques at the time of surgery and 3 and 
6  months thereafter. Bacteroides was lower in 
obese subjects than in control subjects at baseline 
and increased by the third month. Escherichia 
coli species were increased by the third post- 
operative month M3. Lactic acid bacteria includ-
ing Lactobacillus/Leuconostoc/Pediococcus 
group and the Bifidobacterium genus were 
decreased by 3 months after surgery. Copy num-
ber of the anti-inflammatory Faecalibacterium 
prausnitzii species associated negatively with 
inflammatory markers at baseline and post- 
surgery time points.

The authors of the above detailed study subse-
quently conducted a deeper study of longitudinal 
changes in the gut microbiota profile in the obese 
cohort undergoing surgery using pyrosequencing 
[24]. A correlation analyses with changes in the 
white adipose tissue transcriptome at 3  months 
after surgery was also conducted. Principal com-
ponent analysis showed bacterial profiles at base-
line differed from those at 3- and 6-month 
post-surgery. Gastric bypass was associated with 
an increase in gut microbiota richness with 58 
genera undetectable before surgery and detected 
after surgery in all patients. A total of 37% of 
these new sequences were assigned as 
Proteobacteria in origin. Gut bacterial genera 
belonging to Firmicutes, e.g. Lactobacillus, 
Dorea and Blautia and Bifidobacterium (phy-
lum  =  Actinobacteria) decreased after gastric 
bypass, while Escherichia (Proteobacteria), 
Bacteroides and Alistipes (phylum = Bacteroides) 
increased after RYGB. The authors demonstrated 
significant correlation between beneficial altera-
tions in the white adipose tissue transcriptome 
and dominant bacterial genera changes after 
 surgery suggesting that the gut microbiota is a 
modulator of adipose tissue health.
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 Studies Assessing Functional 
Changes and Assigning Functional 
Annotation

The human studies described thus far point prin-
cipally to consistent and characteristic changes in 
the gut microbiome occurring after gastric bypass 
with notable shifts observable at the phylum 
level. However empirical data showing a cause- 
effect relationship between microbiome shifts 
and decreased adiposity and improved metabolic 
control are best generated in experimental animal 
models that permit more agility in testing causal-
ity through microbiota transplant studies, etc.

Using a murine model of gastric bypass, Liou 
and colleagues [25] set out to examine whether 
changes in the gut microbiota after gastric bypass 
are conserved among humans, rats and mice and 
whether reconfiguration of the GI tract is more 
dominant in these changes than changes in caloric 
intake. Lastly the authors sought to identify 
whether the gastric bypass-modified microbiota 
when transplanted into unoperated mice con-
ferred transferability of the weight loss effect.

The authors used the high-fat diet model of 
diet-induced obesity in the susceptible C57BL/6J 
strain to develop mice weighing 40–50  g (33–
66% body weight excess) at 22–26 weeks of age. 
Three experimental groups were derived to test 
the hypothesis that procedure-dependent trans-
plantable alterations in the gut microbiome akin 
to those seen in humans and rats would be 
induced following gastric bypass. The first group 
received a sham operation (SHAM), and a second 
group underwent sham operation and were sub-
sequently weight matched through food restric-
tion (WMS) to a 3rd group of mice that underwent 
gastric bypass (GB). Sequencing analysis of the 
faecal microbiome was carried out longitudi-
nally, while caecal contents from donor animals 
representing each group were obtained at harvest, 
characterised and administered by oral gavage to 
germ-free mice to observe impact on adiposity.

A decrease in body weight of 30% was 
observed by 3 weeks post-GB. Food intake did 
not differ between GB and SHAM groups, but 
increased faecal calorie loss occurred in the GB 
group signalling energy wasting. The WMS 

required a 25% reduction in ad libitum food 
intake to achieve a body weight trajectory similar 
to GB group.

UniFrac analysis revealed that distal stomach 
and ileal, caecal and colonic microbiota were 
strongly affected by GB.  GB markedly altered 
the faecal microbiota from 1 week after surgery 
and reconfiguration stabilised by 5  weeks after 
surgery. No alterations were noted between the 
faecal microbiome of SHAM and WMS animals 
indicating procedure-specific effects of GB that 
are independent of body weight change. Weight 
loss per se (GB or WMS) was accompanied by 
some similar proportional changes in the abun-
dance of taxonomic groups within the Firmicutes 
phylum with both groups harbouring higher 
Clostridiales and lower levels of Lactobacillales 
and Erysipelotrichales. Unique changes after GB 
included increases in Enterobacteriales and 
higher Verrucomicrobiales. Three phylum level 
increases predominated in Bacteroidetes, 
Verrucomicrobia and Proteobacteria, with reso-
lution at the genus level of Alistipes, Akkermansia 
and Escherichia.

Lean, germ-free mice inoculated with caecal 
contents from GB operated animals had reduced 
body weight, decreased fat deposition and 
improvements in insulin sensitivity versus ani-
mals inoculated with SHAM- or WMS-derived 
microbiota.

Tremaroli and colleagues [26] extended the 
above studies by performing shotgun sequencing 
of the human faecal metagenome to functionally 
analyse the gut microbiota of weight-stable 
women 9 years after gastric bypass and interro-
gate whether changes in the microbiota after gas-
tric bypass were stable at long-term follow-up. 
The authors also assessed whether stably altered 
microbiota from humans could likewise transfer 
a reduction in adiposity in an animal model.

Significant differences in microbiota compo-
sition were observed in the gastric bypass sam-
ples versus a BMI-, sex- and age-matched 
comparator control group with genera differing 
significantly between groups. Increased pres-
ence of Gammaproteobacteria was notable 
after gastric bypass, while within the Firmicutes 
phylum (Clostridium difficile, Clostridium 
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hiranonis and Gemella sanguinis), lower levels 
were recorded for the gastric bypass group. 
Facultative anaerobes within Proteobacteria 
(Escherichia, Klebsiella and Pseudomonas) 
were increased in relative abundance in the gas-
tric bypass group.

From a functional genomic annotation per-
spective, alignment of reads to the MetaHIT 
human gut microbial gene catalogue revealed 
that 928 KEGG orthologs (Kos) were enriched 
and 60 depleted in gastric bypass samples with 
reporter pathways for phosphotransferase sys-
tems, fluorobenzoate degradation, nitrogen 
metabolism and fatty acid metabolism enriched 
in gastric bypass. Two component systems that 
enable bacteria to sense and respond to changes 
in the surrounding environment (nitrogen avail-
ability, phosphoglycerate transport, SCFA 
metabolism, response for antimicrobial peptides, 
outer membrane stress) were enriched in gastric 
bypass samples.

Metabolomic comparisons revealed a decrease 
in SCFA/branched chain fatty acid ratio after gas-
tric bypass suggesting a shift from carbohydrate 
to amino acid fermentation after surgery with 
reductions in SCFA in faeces indicative of 
reduced energy harvest for the host. Genetic sig-
natures for microbial enzymes involved in the 
generation of secondary bile acids were increased 
and correlated with shifts in the ratio of second-
ary to primary bile acid profiles.

Transplantation of faecal microbiota from 
humans after gastric bypass into mice resulted in 
a 43% reduction in body fat at 2-week post- 
inoculation coincident with a lower respiratory 
quotient [ratio between CO2 produced and O2 
consumed], suggesting that decreased utilisation 
of carbohydrates and increased utilisation of lip-
ids as fuel occurring in recipients of RYGB 
microbiota may participate in reductions in adi-
posity after surgery.

Graessler and colleagues [27] conducted pre- 
post surgery (3 months) metagenomic annotation 
of the faecal microbiota in six male diabetic 
recipients of gastric bypass and correlated 
changes with improvements in metabolic and 
inflammatory profiles. Consistent with other 
studies, expansion of Proteobacteria and 

increases in the Bacteroidetes/Firmicutes ratio 
were evident. As in the study of Tremaroli [26] 
and colleagues and a more recent longitudinal 
study by Palleja and colleagues [28], a striking 
increase in annotation of sequences to phos-
photransferase systems was detected, while sig-
nificant correlations between individual species 
and reductions in C-reactive protein and lipid and 
glucose homeostasis were found. Inflammatory 
improvements were however not independently 
associated with the microbiota when adjusted for 
BMI change.

 Perspectives and Future Challenges

Review of the key publications in the field focus-
sing on the effect of gastric bypass on the gut 
microbiome reveals that some common features 
are conserved across heterogenous study designs 
and species.

Phylogenetic comparison is the first lens 
through which comparisons can be made. Perhaps 
the most striking change in this regard is the con-
sistent increase in the representation of the 
Proteobacteria phylum. One explanation for 
their increased prevalence may come from the 
preponderance of facultative anaerobes in this 
phylum which could drive proportional increases 
in abundance as a consequence of elevations in 
colonic oxygen tension secondary to reduced 
intestinal length. Small intestinal microbiota 
from the Proteobacteria such as 
Enterobacteriaceae may more readily colonise 
the large intestine due to more rapid transit of 
ingested materials to the colon. Bacteroidetes are 
also less acid-tolerant than Firmicutes, and ele-
vated luminal pH after gastric bypass may pro-
vide a narrowing of the growth capacity 
differential between the phyla, thus explaining 
the consistent increase in Bacteroidetes/Firmicutes 
ratios.

Diversity assessed by species-level coverage 
is also increased by gastric bypass, but the 
 profiles obtained suggest that gastric bypass 
increases diversity by the inclusion of new spe-
cies within microbiome that are exclusive to the 
reconfigured gut rather than increased diversity 
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being indicative of regression of the microbiome 
to that of nonobese individuals with intact gastro-
intestinal anatomy.

Phylogenetic changes do not in and of them-
selves provide particular insight into causality. 
However studies examining the microbiota 
through the lens of metagenomics and back- 
translation in rodents have been useful in this 
regard. Faecal transplantation experiments cou-
pled to metagenomic annotation have been highly 
informative in assigning relevant functionality to 
the shifted microbiome after gastric bypass. 
Whether mechanistic improvements can ulti-
mately be assigned to individual bacteria at the 
genus level or small groups of bacteria remains to 
be determined. However it appears clear that 
after gastric bypass the adapted microbiota shifts 
its preference in terms of metabolic substrate and 
does so in a fashion that favours reduced energy 
transfer to the host. Alterations in bile acid profile 
and enteroendocrine cell activity secondary to 
shifts in microbiota composition may also be 
important. Systematic description of the mini-
mally effective microbiome would have enor-
mous potential from a therapeutic perspective if 
the altered microbiota from gastric bypass could 
be stably adopted in intact recipients.

A direct and weight-independent causative 
role of changes in the microbiome in improve-
ments in metabolic control and inflammation 
remains to be convincingly demonstrated in the 
same way that effects on adiposity have been.

Overall shifts in the microbiota after gastric 
bypass seem likely to be involved in the thera-
peutic effect and offer an exciting prospect in 
relation to the development of non-surgical “bar-
iatric mimetic” approaches to the control of obe-
sity and diabetes.
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Infection: Diagnosis 
and Treatment

Álvaro Antônio Bandeira Ferraz 
and Luciana Teixeira de Siqueira

 Postoperative Infection in Bariatric 
Surgery

At present, surgical complications and postoper-
ative mortality in bariatric surgery have a mean 
incidence of 5.2% and 0.05%, respectively, at 
specialized centers [5].

The most common complications include 
anastomosis dehiscence, bleeding, infection of 
site of surgery, and pulmonary embolism. The 
most important infectious complications are 
infection of the site of surgery and dehiscence of 
the suture lines or stapling, leading to intra- 
abdominal infection by fistulas or peritonitis [6].

 Intra-abdominal Infection

Management of intra-abdominal infection 
patients should be aggressive, precise, and timely. 
Identification of this complication is solely clini-

cal in 72% of cases, with complementary image 
exams necessary in 25% [7]. In severely obese 
patients, clinical exteriorization is non-specific, 
and imaging exams do little to aid diagnosis. An 
infectious intra-abdominal complication should 
thus be suspected when the patient presents with 
tachypnea, tachycardia, and later fever; chills; 
shoulder pain, especially on the left; and pleural 
effusion.

Adequate control of the focus of infection is 
the main factor in reducing postoperative 
mortality.

The principles for management of abdominal 
sepsis thus include [8, 9]:

 1. When to indicate reoperation
 2. What to do

 When to Indicate Reoperation

It is important to identify the characteristics spe-
cific to obese patients, such as unfavorable post-
operative evolution with minimal signs and 
symptoms, physical examination of limited use 
for evaluation, and low resistance to progres-
sively serious diseases [10]. Biotype and clinical 
limitations may pose technical obstacles for 
radiological studies requested after surgery to 
investigate complications [11].

Diagnosis of intra-abdominal infection is thus 
based on clinical symptoms, with or without the 
aid of radiology [12]. Patients whose condition 
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does not evolve favorably after the first day after 
surgery and experience increased abdominal pain, 
persistent tachycardia, fever, tachypnea, oliguria, 
or any combination of these symptoms require 
prompt investigation [12–14], and tachycardia 
above 120 beats per minute appears to be a good 
indicator of an infectious complication [12].

The imaging methods that can be used to 
detect leakage include upper gastrointestinal 
seriography and computerized tomography. 
Another test that may be useful, especially when 
radiology is of limited effectiveness, is oral 
administration of methylene blue to evaluate the 
outflow of coloring through intra-abdominal 
drainage [14].

The radiological findings usually encountered 
when investigating this complication are collec-
tions of liquid adjacent to the gastric pouch, dif-
fuse abdominal fluid, free intraperitoneal air, and 
oral contrast in drainage. These findings can 
determine surgical conduct, depending on the 
clinical condition of the patient.

Conservative treatment may be effective in 
hemodynamically stable patients with contained 
discharge and may include 4–6 weeks of intrave-
nous administration of broad spectrum antibiotics, 
monitoring of drained secretions, and nasoenteric 
or full parenteral nutrition, and, if the abscess iden-
tified is accessible, percutaneous drainage may be 
carried out [14]. However, image-guided percuta-
neous drains usually have a diameter of less than 
24 French, which may result in ineffective drain-
age. Endoscopic treatment may be combined with 
the introduction of self- expandable esophageal 
stents, which remain in place for a maximum of 
3–4 weeks as one more component of the array of 
therapeutic tools used to control infection, whether 
its etiology lies in a gastric fistula, normally in the 
angle of His and generally associated with gastric 
stenosis, in the gastric pouch or anastomosis. In 
these cases outpatient sessions of endoscopic 
pneumatic balloon dilations and argon scalpel sep-
totomies may also be used to facilitate gastric 
emptying, guiding salivary secretion into the gas-
tric pouch and helping to close the fistula.

Surgical treatment is indicated in hemody-
namically unstable patients, with leakage com-
plicated by peritonitis, especially if there is no 

intra-abdominal drainage, whether or not an 
imaging exam has been employed, since the fun-
damental aims of re-intervention are to confirm 
and repair the leak, if indicated, remove gastroin-
testinal content from the abdominal cavity, and 
bring about broad and effective abdominal 
drainage.

 What to Do

 Hemodynamic, Immunological, 
and Metabolic Support
In addition to the hydroelectrolytic and metabolic 
care that the abdominal sepsis patient should 
receive, the aims of management of this type of 
patient should be outlined [15]:

Hemodynamic Support
Maximize O2 support for tissues:

• Hydroelectrolytic replacement
• Inotropic agents
• Vasoactive agents
• Mechanical ventilation

Metabolic Support
The aim is, essentially, to reverse the state of 
catabolism. Nutritional support should be aggres-
sive, preferably through enteral nutrition, which 
has the clear advantage of modulating the inflam-
matory response and reducing the tumor necrosis 
factor response (TNF) [16]. Enteral nutrition 
generally improves the capacity of the organism 
by reducing bacterial translocation by diminish-
ing the catabolic response, lowering levels of 
plasma cortisol, and preventing atrophy of the 
intestinal mucosa [17]. If gut functioning is inad-
equate but the patient is hemodynamically stable, 
parenteral nutrition should be initiated.

Nutritional therapy, in addition to preventing 
and treating dietary deficiencies, has been used to 
obtain similar responses to pharmacological 
agents, in order to improve the immune response 
of patients to certain types of aggression. A large 
variety of nutrients bring about immunostimulant 
alterations, including the fatty acids omega 3, 
glutamine, and arginine.
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Balanced enteral nutrition plays an important 
role, both in recovery and maintenance of nutri-
tional status and in modulation of the inflamma-
tory response. Studies show that a balanced diet 
supplemented with arginine, nucleotides, and fish 
oil reduces the length of time patients stay in ICU 
and the incidence of infectious complications [18].

Enteral nutrition in gastric fistula patients 
requires special care when passing through the 
endoscope and placing the tube, once the site of the 
fistula has been identified during reoperation. The 
tube should ideally be positioned after the duodenal 
portion in cases of sleeve gastrectomy and in a more 
distal part of the jejunum in cases of Roux-en-Y 
gastric bypass, for reason of reflux of food content 
from the tube and gut, causing contamination and 
perpetuation of the fistula orifice. Parenteral nutri-
tion should be provided in cases of reflux of enteral 
diet through the tube and consequent outflow 
through the abdominal drain. It is not advisable to 
initiate oral diet in patients without an esophageal 
stent, even though methylene blue oral ingestion 
tests are negative for outflow. The best test for this is 
seriography of the upper gastrointestinal tract.

Immunological Support
Immunological support aims to prevent nosoco-
mial infections, eradicate existing infections, and 
minimize the effects of the metabolic response to 
infection. Immunomodulation is the treatment 
intervention that aims to modify the compromised 
immune response [19, 20]. Precise identification 
of immunocompromised patients, who have an 
exaggerated inflammatory response, is one route 
for diagnosis of patients prone to present an inad-
equate organic response to anesthesiological and 
surgical intervention. Surgery may be immuno-
modulatory in so far as it controls the focus of 
infection and also immunosuppressive if it reduces 
the reserves and resistance of the immune response 
of the host [21]. Attempts have been made to mod-
ulate the immune response of the surgery patient, 
but few have been able to interfere in this response. 
This is probably because the timing of each of the 
numerous variables involved in sepsis and sys-
temic inflammatory response syndrome (SIRS) is 
still not fully understood. According to the current 
state of knowledge, it is understood that current 

medical intervention regarding the healing of tis-
sue is inadequate, causing selection of multiresis-
tant bacteria through inappropriate use of 
antibiotics, irresponsible use of invasive devices, 
and surgical techniques that are inadequate for 
controlling foci of infection [22]. However, the 
reduction in mortality among surgery patients has 
not been insignificant in the past decade with 
greater application of this knowledge, although 
there is clearly a long way to go.

 Antimicrobial Treatment

Owing to their body composition, obese patients 
absorb, metabolize, and excrete drugs differently 
[23]. Recent studies have investigated the rela-
tion between body size, physiological functions, 
and pharmacokinetic variables in this population. 
Some physiological alterations peculiar to the 
morbidly obese have potential consequences for 
the kinetics of drugs. These include:

• Increased body mass
• Increased cardiac deficit and total blood 

volume
• Increased renal clearance
• Increased deposition of fat in the liver
• Alterations in plasma levels of proteins

Antibiotic treatment of intra-abdominal infec-
tion is usually initiated empirically and should 
cover a polymicrobial flora composed essentially 
of Gram-negative and anaerobic microorgan-
isms. Gram staining is highly recommended, and 
a culture will indicate the correct sensitivity of 
bacterial pathogens.

After removal of the focus of infection, antibi-
otic treatment should be maintained until the 
patient presents with the following [24]:

• Normal leukogram for more than 48 hours
• No fever peaks for more than 48 hours
• No anorexia
• Level of consciousness re-established

Inadequate use of antibiotics, especially in this 
type of patient, may lead to infection by multiresis-
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tant pathogens and massive release of endotox-
ins, which, depending on the action of the 
antibiotics, are related to increased mortality and 
should be taken into consideration when select-
ing the treatment regimen [25, 26].

Vancomycin and the aminoglycosides are 
some of the few antibiotics whose pharmacoki-
netics has been extensively studied in the obese 
population. Although there are as yet no defini-
tive data, some initial recommendations may be 
suggested. Doses of vancomycin should be cal-
culated according to total body weight (TBW). 
Doses of aminoglycosides should be based on the 
volume of distribution, using an FCDP of approx-
imately 0.4. The interval between doses should 
be determined on a case-by-case basis by mea-
suring serum concentrations of these drugs [27].

Allard et al. [28] studied the volume of distri-
bution and clearance of ciprofloxacin in obese 
patients and found that the maximum plasma 
concentration of ciprofloxacin is lower in obese 
individuals than in the nonobese after intrave-
nous infusion of 400  mg, although concentra-
tions still lie within the recommended range. 

These authors conclude that the dose of cipro-
floxacin should be based on ideal body weight 
(IBW) plus FCDP of 0.45.

Tables 44.1 and 44.2 provide some sugges-
tions for optimal doses in obese patients [29, 30].

Table 44.1 Dose of antibiotic by patient weight

Antibiotic Calculation of dose based on weight
Beta lactams IBW + 0.30 (TBW – IBW)
Cefazolin Double dose (2 g/6–6 hours)
Cefoxitin Empirical – IBW
Ceftriaxone IBW + 0.40 (TBW – IBW)
Cefepime Empirical (2 g/12–12 hours)
Ceftazidime Empirical – IBW
Ampicillin Empirical – IBW
Imipenem Empirical – IBW
Metronidazole TBW
Gentamicin IBW + 0.43 (TBW – IBW)
Amikacin IBW + 0.38 (TBW – IBW)
Vancomycin TBW
Ciprofloxacin IBW + 0.45 (TBW – IBW)
Macrolides IBW
Amphotericin B TBW
Aciclovir IBW

Ferraz et al. [29]
IBW ideal body weight, TBW total body weight

Table 44.2 Recommended dose for antibiotics, according to body mass index

Antimicrobial

Half-life if 
normal renal 
function (h)

Recommended 
infusion time (min)

Standard 
intravenous 
dose

Recommended 
intravenous dose per 
BMI group

Redosing 
interval (h)

Cefazolin 1.2–2.5 3–5a

15–60b

1 g BMI ≥30 to ≤50 kg/m2: 
2 gBMI >50 kg/m2: 3 g

2–5

Cefoxitin 0.5–1.1 3–5a

15–60b

1 g BMI ≥30 to ≤50 kg/m2: 
2 gBMI >50 kg/m2: 3 g

2–3

Ceftriaxone 5–11 3–5a

15–60b

1 g BMI ≥30 to ≤50 kg/m2: 
2 gBMI >50 kg/m2: 3 g

10

Metronidazole 6–14 30–60 500 mg 1 g 6–8
Clindamycin 2–5.1 10–60 (not to exceed 

30 mg/min)
600 mg BMI ≥30 to ≤50 kg/m2: 

900 mg
BMI >50 kg/m2: 
1200 mg

6–8

Ciprofloxacin 3–7 60 400 mg 400 mg 4–10
Levofloxacin 5.7–9.6 60

90
500 mg– –

750 mg
–
24

Aztreonam 1.5–2 3–5a 1 g BMI ≥30 to ≤50 kg/m2: 
2 g
BMI ≥50 kg/m2: 3 g

3–5

Vancomycin 4–6 1 h/g 1 g 25 mg/kg (TBW)#

Maximum initial dose: 
2.5 g
Maximum redose: 1.5 g

8–12

a, bFrom Chopra et al. [30]
BMI body mass index
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 Control of Focus of Infection 
and Underlying Disease

On diagnosis of the discharge, surgical repair is 
initially the ideal strategy for controlling the 
focus of infection, but the local suture may pose 
a challenge, owing to the intensive acute inflam-
matory process in the tissue creating a greater 
risk of worsening the lesion if there is local 
manipulation with a new suture. In such cases, 
removal of the gastrointestinal contents and 
placement of drainage tubes may be the safest 
option. Depending on the abilities of the surgical 
team, the surgery may be laparoscopic or open. 
Maintenance of nutrition requires being able to 
heal the tissue at the site of the leakage.

On the other hand, bariatric surgery related 
intra-abdominal infection presents essentially in 
one of two ways: in the form of secondary perito-
nitis or intra-abdominal abscess.

In the case of secondary peritonitis, surgical 
treatment is recommended for the purpose of:

 1. Elimination of the focus of contamination
 2. Removal of secondary sources of 

contamination
 3. Drainage of established abscesses
 4. Deep cleaning of cavity
 5. Primary fascial closure

In cases of secondary peritonitis, re- 
laparotomies every 48  hours are indicated until 
the cavity presents no macroscopic signs of 
infection. Thereafter re-laparotomies are per-
formed when necessary, if the clinical and labo-
ratory profile deteriorates [31].

Peritoneostomy is indicated only in excep-
tional circumstances, as it may be harmful to the 
patient and its benefits need to be clearly 
 established. It is indicated if primary closure of 
the abdominal cavity is impossible, in cases of 
fecal etiology and diffuse peritonitis, with patient 
in an unstable condition with secondary foci of 
necrosis and tissue ischemia.

Treatment of intra-abdominal abscess invari-
ably involves drainage, which can be performed 
percutaneously or through open surgery. Analysis 
of the correlation between type of drainage and 

APACHE II score has found no difference 
between types of drainage in patients with low 
risk of mortality. However, in patients with high 
APACHE II scores, better outcomes have been 
achieved when the abscess is treated using open 
surgery [32]. The outcome is excellent for percu-
taneous drainage when the following conditions 
pertain [33]:

 1. Well-established unilocular collection of fluid
 2. Well-established drainage route
 3. Adequate material and equipment

Surgical drainage is indicated in cases of:

 1. Failure of percutaneous drainage
 2. Multiple abscesses
 3. Abscesses associated with abdominal pathol-

ogy and fistulas

The most important thing, however, is that 
drainage is effective, especially in cases of diagno-
sis of fistula leakage, usually at the level of the 
angle of His, to prevent the development of chronic 
fistulas that require complex treatment, such as 
gastrobronchial and gastrocutaneous ones. It is 
known that factors affecting the persistence of this 
condition include the presence of inadequately 
drained subphrenic abscess and stenosis distal to 
the fistula orifice (at the level of the angular inci-
sure in sleeve gastrectomy or the gastrojejunal 
anastomosis in Roux-en-Y gastric bypass). Intra-
abdominal drainage is accompanied by early endo-
scopic treatment of fistulas by placement of 
esophageal stent, preferably at the time of reopera-
tion, which reduces the length of stay in hospital 
and enables more rapid return to an oral diet, reduc-
ing catabolism and improving the organic response 
to the infection. It is important to avoid insertion of 
the nasoenteric tube along with the stent, because 
of the risk of distal migration, as this may cause 
intestinal obstruction and emergency laparotomies 
or partial covering of the fistula orifice, which may 
perpetuate the contamination through secretion of 
saliva. Periodical radiological examinations should 
therefore be carried out to check for possible dislo-
cation of the stent and even partially covered metal 
ones. If the fistula has become chronic or evolved 
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into a gastrobronchial or gastrocutaneous fistula, 
the prognosis changes, and, in most cases, patients 
are found to be malnourished, with multiresistant 
infections. Such cases require various sessions of 
endoscopic treatment, including dilation and ste-
nostomy. Thoracic surgery or reoperation of the 
abdomen to carry out gastrostomy of the excluded 
stomach or esophagostomy in severe cases, or even 
conversion of sleeve gastrectomy into RYGB to 
reduce gastric reflux of bilioenteric secretion and 
hence contamination of the fistula, may be needed 
in cases refractory to endoscopic treatment. It is 
thus imperative that the patient be accompanied by 
a multidisciplinary team including a nutritionist, a 
physiotherapist, a psychologist, an endoscopist, 
and chest and abdomen surgeons [34–37].

The use of antibiotics for treatment of intra- 
abdominal abscess is still a matter of controversy. 
Stable patients with a single clearly limited, 
purulent collection, precisely diagnosed by radio-
logical imaging, may undergo extra-serous or 
puncture drainage with or without the aid of 
ultrasound or computerized tomography, with a 
single dose of antibiotics, 30–60 minutes prior to 
the procedure. The antibiotic should cover anaer-
obic and aerobic Gram-negative bacteria.

With the exception of these cases, antibiotics 
are indicated for most intra-abdominal abscess 
patients.

 Final Considerations

In the light of the above discussion, reoperation 
should thus be indicated for infectious complica-
tions after bariatric surgery, principally on the 
basis of the clinical profile. Intervention should 
be as early as possible and involve concomitant 
endoscopic treatment and effective drainage, 
with the support of intensive care and a multidis-
ciplinary team, in order to better control the focus 
of infection and reduce damage and consequent 
heightened organic response, which may culmi-
nate in multiple organ failure, in view of the spe-
cific physiopathological profile of obese patients 
(chronic inflammation with the immunological 
repercussion of low resistance to progressively 
more severe diseases).

References

 1. World Health Organization (WHO) Obesity. Retrieved 
from http://www.who.int/mediacentre/factsheets.
fs311/en/. 15 Aug 2015.

 2. Chong AJ, Dellinger EP.  Infectious complications 
of surgery in morbidly obese patients. http://www.
biomedcentral.com/1523-3820/5/387. Accessed 27 
Dec 2005.

 3. Chang SH, Stoll CR, Song J, Varela JE, Eagon CJ, 
Colditz GA. The effectiveness and risks of bariatric 
surgery: an updated systematic review and meta- 
analysis, 2003–2012. JAMA Surg. 2014;149:275.

 4. Ferraz AAB, Ferraz EM.  Antibioticoprofilaxia 
em cirurgia. In: Colégio Brasileiro de Cirurgiões. 
Programa de atualização. Ano I. 2002;1(2):4–18.

 5. Birkmeyer JD, Finks JF, O’Reilly A, et  al. Surgical 
skill and complications rates after bariatric surgery. N 
Engl J Med. 2013;369(15):1434–42.

 6. Lyons T, Neff KJ, Benn J, Chuah LL, le Roux CW, 
Gilchrist M. Body mass index and diabetes status do 
not affect postoperative infection rates after bariatric 
surgery. Surg Obes Relat Dis. 2014;10(2):291–7.

 7. Conor TJ, Garcha IS, Ramshaw BJ, Mitchell CW, 
Wilson JP, Mason EM, Duncan TD, Dozier FA, Lucas 
GW. Diagnostic laparoscopy for suspected appendici-
tis. Am Surg. 1995;61(2):187–9.

 8. Christou NV, Barie PS, Dellinger EP, Waymack 
JP, Stone HH.  Surgical Infection Society intra- 
abdominal infection study. Prospective evaluation 
of management techniques and outcome. Arch Surg. 
1993;128(2):193–8.

 9. Ferraz AAB, Ferraz EM.  Abordagem cirúrgica da 
sepse abdominal. In: Petroianu A, editor. Terapêutica 
cirúrgica. Rio de Janeiro: Guanabara Koogan; 2001. 
p. 640–5.

 10. Karmali S, Stoklossa CJ, Sharma A, Stadnyk J, 
Christiansen S, Cottreau D, et  al. Bariatric surgery. 
Can Fam Physician. 2010;56:873–9.

 11. Labrunie EM, Marchiori E, Tubiana JM.  Fístulas 
de anastomose superior pós-gastroplastia redu-
tora pela técnica de Higa para tratamento da obe-
sidade mórbida: aspectos por imagem. Radiol Bras. 
2008;41:75–9.

 12. Kravetz AJ, Reddy S, Murtaza G, et al. A comparative 
study of handsewn versus stapled gastrojejunal anas-
tomosis in laparoscopic Roux-en-Y gastric bypass. 
Surg Endosc. 2011;25:1287–92.

 13. Raman R, Raman B, Raman P, et  al. Abnormal 
findings on routine upper GI series following lapa-
roscopic Roux-en-Y gastric bypass. Obes Surg. 
2007;17(3):311–6.

 14. Rogula T, Yenumula PR, Schauer PR. A complication 
of Roux- en-Y gastric bypass: intestinal obstruction. 
Surg Endosc. 2007;21(11):1914–8. Epub 2007 Sep 
22.

 15. Wittmann DH. Tratamento cirúrgico das peritonites. 
In: Ferraz EM, editor. Infecção em cirurgia. Rio de 
Janeiro: MEDSI; 1997. p. 387–420.

Á. A. B. Ferraz and L. T. de Siqueira

http://www.who.int/mediacentre/factsheets.fs311/en/
http://www.who.int/mediacentre/factsheets.fs311/en/
http://www.biomedcentral.com/1523-3820/5/387
http://www.biomedcentral.com/1523-3820/5/387


409

 16. Marshall JC, Nathens AB. Multiple organ dysfunction 
syndrome. In: Wilmore DW, Cheung LY, Harken AH, 
Holcroft JW, Meakins JL, Soper NT, editors. ACS 
surgery: principles & practice. New York: WEBMD 
Corporation; 2001. p. 1473–94.

 17. Fong, Y; Lowry, S. Cytokines and the cellular response 
to injury and infection. In. Meakins JL (ed) Surgical 
infections. Scientific American Inc. New York, 65–86; 
1994.

 18. Faist E, Storck M, Hueltner L, et al. Functional analy-
sis of monocyte (MO) activity via synthesis patterns 
of interleukin 1, 6, 8 (IL-1, IL-6, IL-8) and neopterin 
(NPT) in surgical intensive care patients. Surgery. 
1992;9:562–72.

 19. Alexander W. Can nutrition influence translocation? 
The effect of nutrition on translocation and host 
defense. J Intensive Care Med. 1994;20(1):134.

 20. Horn JK.  Origem da Sepse. In: Ferraz EM, edi-
tor. Infecção em Cirurgia. Rio de Janeiro: MEDSI; 
1997.

 21. Faist E, Bawe AE.  Imunoconseqüências do Trauma, 
do Choque e da Sepse: mecanismos e abordagens 
contra-reguladoras. In: Ferraz EM, editor. Infecção 
em Cirurgia. Rio de Janeiro: MEDSI; 1997.

 22. Meakins JL. Surgical infections in critical care medi-
cine. New York: Churchill Livingstone; 1985.

 23. Condon RE.  Infecções Cirúrgicas nos hospedeiros 
comprometidos. In: Ferraz EM, editor. Infecção em 
Cirurgia. Rio de Janeiro: MEDSI; 1997.

 24. Ferraz EM, Bacelar TS, Aguiar JLA, et  al. Wound 
infection rates in clean surgery: a potentially mislead-
ing risk classification. Infect Control Hosp Epidemiol. 
1992;13(8):457–62.

 25. Cossu ML, Caccia S, Coppola M, et al. Orally admin-
istered ranitidine plasma concentrations before and 
after bibliopancreatic diversion in morbidly obese 
patients. Obes Surg. 1999;9(1):36–9.

 26. Mock CN, Jurkovich GJ, Dries DJ, Maier 
RV.  Clinical significance of antibiotic endotoxin- 
releasing properties in trauma patients. Arch Surg. 
1995;130(11):1234–40.

 27. Bearden DT, Rodvold KA.  Dosage adjustments for 
antibacterials in obese patients. Clin Pharmacokinet. 
2000;38(5):415–26.

 28. Allard S, Kinzing M, Boivin G, Sorgel F, Lebel 
M.  Intravenous ciprofloxacin disposition in obesity. 
Clin Pharmacol Ther. 1993;54:368–73.

 29. Ferraz AAB, et  al. Profilaxia antimicrobiana na 
cirurgia bariátrica. Rev Col Bras Cir. 2007;34(2):73–7.

 30. Chopra T, Zhao JJ, Alangaden G, Wood MH, Kaye 
KS. Preventing surgical site infections after bariatric sur-
gery: value of perioperative antibiotic regimens. Expert 
Rev Pharmacoecon Outcomes Res. 2010;10(3):317–28.

 31. Adeodato LCL, Pagnosin G, Ferraz 
EM.  Relaparotomias programadas. In: Ferraz EM, 
editor. Infecção em cirurgia. Rio de Janeiro: MEDSI; 
1997. p. 441–68.

 32. Levison MA, Zeigler D.  Correlation of APACHE II 
score, drainage technique and outcome in postopera-
tive intra-abdominal abscess. Surg Gynecol Obstet. 
1991;172:89–94.

 33. Ferraz EM, Ferraz AAB. Abscesso intra- abdominais. 
In: Coelho JCU, editor. Aparelho Digestivo: Clínica 
e Cirurgia. Rio de Janeiro: ATHENEU; 2005. 
p. 1929–39.

 34. Ramos AC, Ramos MG, Campos JM, Galvão Neto 
Mdos P, Bastos EL. Laparoscopic total gastrectomy as 
an alternative treatment to postsleeve chronic fistula. 
Surg Obes Relat Dis. 2015;11(3):552–6.

 35. Nedelcu AM, Skalli M, Deneve E, Fabre JM, Nocca 
D. Surgical management of chronic fistula after sleeve 
gastrectomy. Surg Obes Relat Dis. 2013;9(6):879–84.

 36. Campos JM, Pereira EF, Evangelista LF, Siqueira 
L, Neto MG, Dib V, Falcão M, Arantes V, Awruch 
D, Albuquerque W, Ettinger J, Ramos A, Ferraz Á. 
Gastrobronchial fistula after sleeve gastrectomy and 
gastric bypass: endoscopic management and preven-
tion. Obes Surg. 2011;21(10):1520–9.

 37. Simon F, Siciliano I, Gillet A, Castel B, Coffin B, 
Msika S. Gastric leak after laparoscopic sleeve gas-
trectomy: early covered self-expandable stent reduces 
healing time. Obes Surg. 2013;23(5):687–92.

44 Infection: Diagnosis and Treatment



411© Springer Nature Switzerland AG 2020 
J. Ettinger et al. (eds.), Gastric Bypass, https://doi.org/10.1007/978-3-030-28803-7_45

Gastric Bypass in Patients 
with Metabolic Syndrome

Mariano Palermo, Maria del Pilar Quevedo, 
Edgardo Serra, and Marianela Aguirre Ackermann

Metabolic surgery was defined by Varco and 
Buchwald as “the operative manipulation of a nor-
mal organ or organ system to achieve a biological 
result for a potential health gain” (Buchwald [1]).

 Introduction

Type 2 diabetes (T2DM) is one of the largest 
health emergencies of the twenty-first century. 
During the past decades, we have been witnesses 
of the world-increasing pandemic of obesity and 
diabetes. Currently, some 415 million people 
worldwide are estimated to have diabetes, and if 
these trends continue, by 2040 some 642 million 
people, or 1 adult in 10, will have diabetes [2]. The 
World Health Organization (WHO) estimates that 
globally, high blood glucose is the third highest 
risk factor for premature mortality, after high 
blood pressure and tobacco use; therefore, in order 
to prevent cardiovascular complications aiming to 
reduce mortality, a broader management focusing 
in glucose control, lipids, and blood pressure is 

necessary [3]. Conventional management for 
T2DM includes lifestyle interventions and medi-
cation [4], but despite the increasing number and 
variety of antidiabetic drugs that have emerged 
during the last two decades to achieve optimal gly-
cemic control, T2DM control remains suboptimal 
[5, 6]. Numerous aspects must be considered when 
setting glycemic targets. The ADA proposes opti-
mal targets, but each target must be individualized 
to the needs of each patient and his or her disease 
factors. Current treatment goals proposed by the 
American Diabetes Association (ADA) are gly-
cated hemoglobin (A1c) <7%, low-density lipo-
protein cholesterol levels <100 mg/dl, and blood 
pressure <130–80 mm Hg [4].

Hyperglycemia defines diabetes, and glycemic 
control is fundamental to diabetes management. 
Several trials have provided evidence that appro-
priate glycemic control could lead to a significant 
reduction in the risk of long-term diabetic com-
plications. The UK Prospective Diabetes Study 
(UKPDS) demonstrated over 10 years of follow-up 
that tight glycemic control in the intensive treatment 
arm was associated with significantly decreased 
rates of micro- and macrovascular complications 
when compared with conventional management 
(HbA1c 7% vs. HbA1c 7.9%, respectively) and 
correlated with a 10% reduction in the risk of any 
diabetes-related death and 6% for all causes of mor-
tality. Long- term follow-up of the UKPDS cohort 
showed enduring effects of early glycemic control 
on most microvascular complications [7]. Three 
landmark trials (Action to Control Cardiovascular 
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Risk in Diabetes [ACCORD], Action in Diabetes 
and Vascular Disease: Preterax and Diamicron MR 
Controlled Evaluation [ADVANCE], and Veterans 
Affairs Diabetes Trial [VADT]) showed that lower 
A1C levels were associated with reduced onset 
or progression of microvascular complications 
[8–10]. In diabetic patients, cardiovascular dis-
ease (CVD) is a more common cause of death than 
microvascular complications, and there is strong 
evidence that more intensive control of glycemic 
may reduce long- term CVD rates. The UKPDS 
reported a 16% risk reduction of CVD events 
(combined fatal or nonfatal myocardial infarction 
(MI) and sudden death) in the intensive glycemic 
control arm, but it was not statistically significant 
(p = 0.0052). However, after long-term follow-up, 
those originally assigned to the intensive group had 
significant long-term reduction in MI and in all-
cause mortality (13% vs. 27%). Therefore, achiev-
ing glycemic control of A1c target <7% has been 
shown to reduce microvascular complications of 
diabetes.

Bariatric surgery was initially developed as a 
tool for weight reduction in severely obese patients. 
The prospective controlled Swedish Obese Subjects 
(SOS) study compared obese subjects who under-
went bariatric surgery versus contemporaneously 
matched conventionally treated patients. It demon-
strated that the surgery group arm not only had 
more drastic and sustainable average changes in 
body weight but also showed remarkable effects on 
risk factor values, such as waist circumference; 
glucose and insulin levels; uric acid, triglyceride, 
and HDL cholesterol levels; as well as blood pres-
sure, when compared with conventionally treated 
patients [11]. The SOS also found reduced number 
of cardiovascular events and overall mortality 
reduction in the surgery group compared with the 
conventional arm (HR 0.76, CI95%) [12, 13], but 
one of the most interesting findings in this study 
was that there was no significant relationship 
between cardiovascular mortality and body mass 
index (BMI) [14]. More than two decades later, 
gastrointestinal surgery provides a unique opportu-
nity to improve our understanding of glucose 
homeostasis, diabetes, and B-cell growth.

Gastrointestinal operations have demonstrated, 
especially those that involve food rerouting 

through the gastrointestinal tract that are safe and 
provide better outcomes for weight loss and 
improvement in glucose metabolism in obese 
patients with type 2 diabetes (T2DM) in compari-
son to conventional strategies. Bariatric/metabolic 
procedures have even shown to cause remission of 
the disease [15, 16] as well as demonstrated 
extraordinary benefits on lipids and blood pressure 
control, suggesting good long- term effects on car-
diovascular risk profile and mortality [6, 12, 17, 
18]. Better glucose control was observed in 
patients following Roux-en-Y gastric bypass 
(RYGB) when compared with patients that lost the 
same amount of weight after lifestyle intervention 
[19, 20]. Early improvement of metabolic control 
in the postoperative population was observed days 
or weeks after the surgical procedure, long before 
considerable weight loss, preluding a direct anti-
diabetic effect [6]. This remarkable effect has been 
described not only in morbidly obese patients but 
also with class I obesity patients, making it a 
promising tool to treat T2DM.

The mechanisms by which these operations 
control diabetes have become the subject of 
intense research, fueled by the experimental evi-
dence that gastrointestinal bypass surgery can 
induce very rapid antidiabetes, independent of 
weight loss [21].

The pathophysiology of T2DM is complex, 
but it’s characterized by a combination of insulin 
resistance and progressive defective insulin 
secretion with ends in hyperglycemia and its del-
etereal effects. The metabolic abnormalities of 
T2DM are ameliorated by an increase in insulin 
availability or a decrease in insulin resistance. 
Improving hyperglycemia decreases glucose tox-
icity and thus insulin secretion function. 
Furthermore, insulin resistance in overweight 
and obese subjects overcomes as a consequence 
of adiposopathy. The dysfunction of adipose tis-
sue seems to be the beginning of the deposition 
of excess quantities of lipid, lipid metabolites, 
and adipokines into non-adipose tissue cells. This 
ectopic fat deposit in muscle and liver interferes 
with insulin physiological actions and results in 
insulin resistance (Savage et al. [22]); therefore, 
decreasing hepatic fat infiltration and reducing 
visceral fat may be the best predictor of improve-
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ment in insulin resistance. One of the most rele-
vant points in this pathophysiological context is 
that BMI does not reflect adipose tissue distribu-
tion; therefore, it becomes a poor index of meta-
bolically significant obesity (Pories et  al. [23]). 
In this way, BMI should not be considered as a 
stringent eligibility criteria for metabolic proce-
dures as well as to determine the potential bene-
fits for resolution or improvement because it does 
not represent a measure of metabolically signifi-
cant abnormalities associated with obesity.

In this background, it’s reasonable to expect that 
treatments that attack both defects would be more 
effective and could achieve diabetes remission.

 Mechanisms

Metabolic surgery is a highly effective treatment 
of T2DM, inducing improvement and/or remis-
sion in obese patients [15, 16, 19].

GI surgical procedures that involve food 
rerouting can improve both insulin sensitivity and 
production [24, 25], especially RYGB, which 
restores first-phase insulin response [25] and 
results in hypersecretion of C-peptide and insulin 
after a meal, suggesting enhancement of B-cell 
function and increase of B-cell mass. There exist 
numerous mechanisms proposed to explain how 
RYGB exerts its effects on B-cell islets. The 
incretin effect, a hormonal response of B cells to 
exacerbate insulin secretion after an oral load of 
glucose, is mediated by GLP-1, an intestinal hor-
mone released by L cell in the ileum. This 
response appears to be enhanced after surgery; in 
fact, RYGB causes a three- to fourfold increase in 
postprandial levels of GLP-1 [26] resulting in fur-
ther stimulation to insulin release from the pan-
creas as well as an antiapoptotic effect on the B 
cell. On the other side, the anti-incretin theory 
postulates that in addition to the well-known 
uncertain effect (GLP-1, glucose-dependent insu-
linotropic polypeptide (GIP)), nutrient passage 
through the small bowel could also activate “anti-
incretins” or feedback mechanisms to balance the 
actions of GLP-1 and GIP such as to enhance 
insulin secretion, insulin action, and B-cell func-
tion and growth. In the absence of one or more of 

these feedback mechanisms, these effects would 
expose to exacerbated insulin hypersecretion and 
B-cell function and growth, with the concomitant 
risk of postprandial hyperinsulinemic hypoglyce-
mia and uncontrolled B-cell proliferation. 
Reduction of nutrient passage and stimuli on the 
gut by surgical procedures that exclude parts of 
the foregut and the arrival of them to the handgun 
could restore appropriate incretin/anti-incretin 
balance explaining improvement of T2DM [27, 
28]. Besides, some operations engage mecha-
nisms that improve glucose homeostasis indepen-
dent of weight loss, such as changes in gut 
hormones, bile acid metabolism, microbiota, 
intestinal glucose metabolism, and nutrient sens-
ing [21, 29–38].

 Eligibility Criteria for Metabolic 
Surgery

Bariatric and metabolic surgery might be misun-
derstood as synonymous, but they are not since 
bariatric operation primary indication is to 
achieve weight loss in morbidly obese patients 
and the metabolic benefits (improvement in 
T2DM, hypertension, dyslipidemia) and reduc-
tion of overall mortality might be considered 
beneficial side effects. In 1978, Varco and 
Buchwald defined metabolic surgery as “the 
operative manipulation of a normal organ or 
organ system to achieve a biological result for a 
potential health gain” [1]. This definition involves 
the notion of an anatomical and functional proce-
dure on a normal gastrointestinal tract aimed at 
reducing or reverting an altered function that 
causes a metabolic disease. Therefore, metabolic 
surgery can be considered only if the goal of the 
functional change is to correct or counteract a 
metabolic alteration [39].

Gastrointestinal surgery for the specific inten-
tion to treat T2DM was first recommended at the 
2007 Diabetes Surgery Summit (DSS) [40] and 
implicated a shift in the primary focus of surgery 
from mere weight management to treatment or 
improvement of metabolic illness that may have 
significant and practical ramification [41]. After 
the DSS recommendations for considering gastro-
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intestinal surgery to intentionally treat T2DM, the 
concept of “metabolic surgery” has emerged to 
more broadly indicate a surgical approach to con-
trol metabolic illness, not just excess weight. In 
2011 the International Federation of Diabetes 
(IDF) concluded that surgery could be considered 
in the treatment of poorly controlled T2DM among 
white individuals with BMI of ≧30 Kg/m2 and in 
Asian individuals (especially susceptible to 
T2DM) with a BMI as low as 27.5 kg/m2 [42 IDF].

Currently, eligibility criteria for metabolic sur-
gery do not include metrics of metabolic disease 
severity, predictor of success of treatment, or an 
evaluation of risks and benefits of surgery as con-
trasted to those alternative diabetes treatment 
options [43]. The preoperative evaluation for met-
abolic surgery should include clinical consider-
ations such as inadequate response of glycemia to 
optimal medical therapy or the presence of other 
cardiovascular risk factors, as well as the need to 
identify and monitor diabetes- related parameters 
and complications instead of focusing on BMI or 
body weight criteria solely [1, 44]. In fact, the 
SOS study demonstrated that baseline BMI does 
not predict the benefits of surgery related to 
T2DM development, cancer, cardiovascular 
events, or death [44, 45] but surgical benefits were 
notably predicted by high baseline insulin and/or 
glucose levels, presumably reflecting insulin 
resistance. In this background, BMI cutoff at 
35 kg/m2 is not an accurate parameter to predict 
the potential of surgery to induce glycemic and 
metabolic control, so it should not be considered a 
stand-alone criterion for surgical selection.

Given its role in metabolic regulation, the 
gastrointestinal (GI) tract constitutes a clini-
cally and biologically meaningful target for the 
management of T2DM. The DSS position state-
ment recognized for the first time the legiti-
macy of GI surgery to specifically treat T2DM 
in carefully selected patients. The DSS dele-
gates agreed that patients with inadequately 
controlled diabetes and BMI ≥35 kg/m2 should 
be considered for GI surgery; and in patients 
with BMI <35 kg/m2, there was good consensus 
regarding the legitimacy of GI surgery as a non-
primary therapeutic alternative to treat mildly 
to moderately obese patients (BMI 30–35  kg/

m2) with T2DM inadequately controlled by 
lifestyle and medications [40].

In 2016, the 2nd Diabetes Surgery Summit 
(DDS-2) was published on the basis of a substan-
tial body of evidence that demonstrated that gas-
trointestinal surgery achieved superior glycemic 
control and reduction of cardiovascular risk fac-
tors in obese patients with T2DM compared with 
various medical/lifestyle interventions; so, based 
on these evidence, several international profes-
sional organizations have recently suggested 
expanding the indications for bariatric/metabolic 
surgery to include patients with inadequately 
controlled T2DM and BMI as low as 30 kg/m2 
and down to 27,7 kg/m2 for Asians [43].

The DSS-2 recommendations for metabolic 
surgery include:

• Metabolic surgery should be a recommended 
option to treat T2DM in appropriate surgical 
candidates with class III obesity (BMI ≥ 40 kg/
m2), regardless of the level of glycemic con-
trol or complexity of glucose-lowering regi-
mens, as well as in patients with class II 
obesity (BMI 35–39.9  kg/m2) with inade-
quately controlled hyperglycemia despite life-
style and optimal medical therapy

• Metabolic surgery should be also considered 
to be an option to treat T2DM in patients with 
class I obesity (BMI 30–35 kg/m2) and inade-
quately controlled hyperglycemia despite 
optimal medical treatment by either oral or 
injectable medications (including insulin).

• All BMI threshold should be considered 
depending on the ancestry of the patient. For 
example, for patients of Asian descent, the 
BMI values above should be reduced by 
2.5 kg/m2.

So, on the basis of these evidence that demon-
strated that metabolic surgery achieves excellent 
glycemic control and reduces cardiovascular risk 
factors, selecting a population with greater 
 metabolic illness and hence with greater potential 
to benefit from treatment might further enhance 
the cost-effectiveness of the surgery, implicating 
a shift in the paradigm of the eligibility criteria 
for surgery, focusing more on the treatment of the 
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diseases and complications related to obesity 
rather than simply on body weight.

 Results of Metabolic Surgery 
and Prognostic Factors

The GI tract is an important contributor to normal 
glucose homeostasis [1] and increasing evidence 
has demonstrated that gastrointestinal operations 
can dramatically ameliorate or prevent T2DM. 
Beyond inducing weight loss-related metabolic 
improvements, some operations engage mecha-
nisms that improve glucose homeostasis indepen-
dent of weight loss. Moreover, when comparing 
medical therapy (conventional and/or intensive) 
for T2DM versus surgical GI procedures, surgery 
resulted in significantly better glucose control 
than did medical therapy alone; so it’s not surpris-
ing that bariatric-metabolic surgery is being used 
throughout the world to treat diabetes [39].

Based on data from growing evidence that 
demonstrate that metabolic surgery achieves 
excellent glycemic control and reduces cardio-
vascular risks factors, improvement of metabolic 
diseases and cardiovascular disease risk reduc-
tion are more rational measures of outcomes 
becoming mandatory to change goals of bariatric- 
metabolic surgery and to redefine the success and 
failure of surgical treatment.

Defining the idea of T2DM remission follow-
ing surgery has been controversial [43, 44].

Currently, based on 2009 consensus criteria, 
T2DM remission is defined as being off diabetes 
medication with normal fasting blood glucose 
(6.6 mmol/L) or HbA1c level of less than 6% [1]. 
These criteria rely on more stringent cutoff points 
and implicate that rates of remission are likely to 
be lower [44]. The American Diabetes Association 
(ADA) also defined criteria for total and partial 
remission of T2DM.  Specifically partial remis-
sion was defined as HbA1c <6.5%, fasting blood 
glucose <7.0 mmol/L, and the absence of antidia-
betic drugs for at least 12 months after the sur-
gery; and complete remission was defined as 
HbA1c <6%, fasting blood glucose concentra-
tions <5.6  mmol/L, and without hypoglycemic 
pharmacological therapies for at least 12 months. 

Prolonged remission was defined as complete 
remission of at least 5 years’ duration. These cri-
teria may emphasize surgery as a superior tool 
for achieving glycemic control rather than as a 
tool for achieving T2DM remission.

Various factors have been proposed as predic-
tor of remission T2DM after RYGB [44]. Durable 
remission has been seen in early stage of T2DM 
[1], loss of a large percentage of excess body-
weight, young age, and low BMI (25–35 kg/m2). 
Duration of diabetes, usage of insulin, and dura-
tion of insulin usage have all been reported to 
negatively predict the likelihood of diabetes 
remission after surgery [44, 45].

The DiaRem scoring system is a method that 
uses four preoperative clinical variables (use of 
insulin before surgery, age, HbA1c, and diabetes 
drugs before surgery) to predict the probability of 
remission of T2DM after RYGB surgery. It predicts 
remission irrespective of early or late occurrence 
and includes patients in partial remission who might 
be progressing to complete remission [43].

However, the major benefit of surgery would 
probably not be to improve glycemic control per 
se but rather to reduce microvascular and macro-
vascular complications associated with T2DM 
[44], so in the selection of T2DM patients for 
metabolic surgery, a balance between the diabetes- 
related risk of micro- and macrovascular compli-
cations and the potential benefits of surgery rather 
than BMI solely should be considered [1]. BMI-
associated risk varies with sex and ethnicity and is 
not a reliable prognostic factor for mortality and 
morbidity in patients with fully established diabe-
tes; therefore, IDF recommends the use of diabe-
tes-specific parameters as a measure of efficacy of 
treatment when surgery is performed with the 
intent to treat diabetes [43]. The IDF recommen-
dations include mandatory assessment of glycated 
hemoglobin levels, C-peptide, fasting glycemic, 
insulin levels, lipid profile, and regular monitor-
ing of arterial blood pressure among others.

Finally, metabolic surgery should be considered 
as a broad surgical specialty where the gastrointesti-
nal operations are used with the primary intent to 
treat diabetes and metabolic disease. This definition 
is not based on the assumption of whether the site of 
surgery is normal or pathological, yet it is consistent 
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with the evidence that gastrointestinal procedures 
engage mechanisms of action beyond the mechani-
cal restriction of energy intake and altered nutrient 
absorption. According to such definition, standard 
Roux- en- Y gastric bypass should be thought as a 
“metabolic” rather than “bariatric” surgery [44].

 Surgical Technique

In the last 10 years, multiple publications demon-
strated improvement of blood glucose levels and 
concomitant reduction of morbidity and mortal-
ity related to CV events after BS/MS [29–32]. 
RYGB technique was the first technique that 
proved its effectiveness in remission of T2DM in 
morbidly obese patients. Laparoscopic RYGB is 
the most accepted and effective procedure; it is 
also the safest and has the best long-term T2DM 
remission rates compared with other restrictive 
techniques. These characteristics postulate lapa-
roscopic RYGB as the gold standard [33, 34].

 RYGB Technique Description

The patient is positioned in a split-leg position and 
carefully strapped to the operating room table, with 
the surgeon between the patient’s legs. The laparos-
copy tower is placed on the right of the patient’s 
head [30, 35–38]. The surgery is performed under 
general anesthesia with endotracheal intubation. 
Abdominal insufflation up to 15  mmHg was 
obtained with the insertion of a Veress needle at the 
patient’s umbilicus [30, 46, 47]. Trocars were 
placed as follows: 10 mm just to the left of the mid-
line; 12 mm in the right upper quadrant on the mid-
clavicular line; 12 mm in the left upper quadrant on 
the midclavicular line at the same level as the opti-
cal trocar; 5 mm used for liver retraction just distal 
and to the left of the xiphoid; and, finally, 5 mm on 
the left anterior axillary line 5 mm distal to the cos-
tal margin (Fig. 45.1a, b).

Gastric pouch of approximate volume 
30–50  ml is calibrated with 34–36 Fr boogies. It 
must be isolated completely from the gastric fundus. 

Fig. 45.1 (a, b) Patient 
and trocar position
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The approximated size should be about 4 × 7 cm. 
The stomach is transected horizontally at the 
level described above firing a blue load linear sta-
pler introduced through the right upper quadrant 
12 mm trocar. The stapler is introduced in the left 
upper quadrant 12 mm trocar and aiming the left 
lateral horizontal section toward the esophago-
gastric angle. Two stapler firings disconnected 
the small upper stomach from the remaining por-
tion of the stomach. The vertical resection is per-
formed as close as possible to the lesser curve by 
using a 34 Fr boogie (Fig. 45.2) [30, 45, 48].

For gastrojejunostomy recommended is a 
hybrid technique (manual-mechanic), although 
it can be performed fully hand sewn. It should 

be always calibrated with a 34–36  Fr boogie. 
The omentum is divided and the duodenojejunal 
angle is identified. From that site, the bowel was 
lifted toward the hiatus, and a loop was identi-
fied that could reach this level with acceptable 
traction. A side-to-side jejunojejunostomy is 
performed by using a white cartridge. For this 
step, a blue load linear stapler is inserted only 
half way into the pouch hole in order to create 
an anastomosis that is about 2  cm in length 
before firing. This anastomosis is located on the 
posterior part of the gastric pouch and with 2 cm 
in diameter (Fig. 45.3). A running suture using 
Vicryl® 3.0 is used to close the stapler openings 
(Fig. 45.4) [30, 45].

A biliary limb of 100 cm of length from duo-
denojejunal flexure, a 150  cm alimentary limb 
from gastrojejunostomy, and a jejunojejunos-
tomy with hybrid mechanic-manual techniques 
are recommended (Fig.  45.5). The antecolic/
antegastric loop ascent is also suggested to 
decrease the risk of vowel obstruction. The clo-
sure of mesenteric gaps, Petersen’s, and inter-
mesenteric spaces is advisable to decrease the 
risk of internal hernia (Fig.  45.6). Blue test is 
done before  performing the last small bowel 
division in order to test both anastomoses at the 
same time. After the blue test is done, the last 
stapler is fired in the jejunum (Fig. 45.7). Finally, 
the abdominal cavity is drained with a JP drain 
for about 7 days [30, 45].

5 mm

12 mm
10 mm

12 mm
5 mm

b

Fig. 45. 1 (continued)

Fig. 45.2 The gastric pouch is manufactured using blue 
loads

Fig. 45.3 A 2.5 cm gastrojejunal anastomosis by using 
blue loads is performed
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 Introduction

The estimated number of people with diabetes 
worldwide increased from 108 million (4.7%) in 
1980 to 422 million (8.5%) in 2014; and this 
worldwide epidemic has been driven by the 
increase in type 2 diabetes (T2D) that represents 
95% of all cases of diabetes [1, 2]. Similarly, in 
the USA, the prevalence of diabetes has substan-
tially risen from 3.6% in 1983 to 8.7% in 2015, 
again mostly due to the increase in cases of T2D 
[3]. Not surprisingly, prevalence of obesity shows 
similar trends of a steady increase and the pro-
portion of individuals with obesity, defined as a 
body mass index (BMI) of 30 kg/m2 or more, and 
those with class 3 obesity (BMI ≥ 40 kg/m2) have 
reached 37.7% and 7.7% of adults in 2014, 
respectively [4]. BMI is a strong and modifiable 
risk factor for T2D [5, 6].  Relative to normal 
weight, severe obesity (BMI  ≥  35  kg/m2) 
increases the lifetime risk of diabetes from 19.8% 
to 70.3% in males and from 17.1% to 74.4% in 
females [6].

Importantly, in individuals with severe obe-
sity, bariatric surgery has been shown to be supe-
rior to conventional medical therapy alone in 
producing remission of T2D, reducing T2D- 
related end-organ complications and long-term 
premature mortality [7–10].

Roux-en-Y gastric bypass (RYGB) is cur-
rently 1 of the 2 most common bariatric proce-
dures done worldwide, with an estimated 40,584 
primary cases done in the USA in 2017 [11].

In this chapter, we present:

• A brief overview of the pathophysiology of 
T2D in patients with severe obesity

• Outcomes of the disease following RYGB sur-
gery, including rates and predictors of T2D 
remission and relapse, and effects on T2D- 
related complications and long-term prema-
ture mortality

• A summary of the current evidence comparing 
RYGB with conventional medical therapy and 
with other bariatric procedures as provided by 
the randomized controlled trials

• A briefing on the proposed mechanisms by 
which RYGB promotes remission of T2D

 Pathophysiology of Type 2 Diabetes 
in Severe Obesity

T2D pathogenesis is multifactorial and includes 
excess accumulation of adipose tissue, absolute 
or relative deficiency in pancreatic β-cell insulin 
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production, and insulin resistance. All these fac-
tors combined lead to the primary clinical mani-
festation of T2D, hyperglycemia. Chronic 
hyperglycemia over time results in multiple tis-
sue and organ damage. Importantly, while many 
patients with T2D may not be classified as obese 
by traditional BMI criteria [6], the central part of 
the pathogenesis of the disease in all patients 
with T2D involves excess adiposity that is usu-
ally distributed in the abdominal region, the liver, 
and/or the skeletal muscle [12–15].

In individuals with severe obesity, the role of 
excess adipose tissue accumulation in the patho-
physiology of T2D is not in dispute, as adipose 
tissue is increased in deferent degrees in all and 
can often account for 50% or more of the total 
body mass in these individuals.

However, the reasons for why only some indi-
viduals with severe obesity develop T2D rest on 
the fact that the disease develops based on when 
and where excess adipose tissue accumulation 
occurs and how each individual responds to that 
excess adipose tissue accumulation, that is, when 
and what type of obesity triggers insulin resis-
tance. In addition, after developing insulin resis-
tance, the pancreas initially responds by secreting 
more insulin producing a temporary hyperinsu-
linemic state that over time ends up in an absolute 
or relative failure of the pancreatic β-cell to main-
tain normoglycemia.

The timeline for an individual to develop this 
pancreatic dysfunction depends on the severity of 
insulin resistance and the ability of the pancreas 
to maintain hyperinsulinemia and, thus, normo-
glycemia. Each individual’s ability to maintain 
hyperinsulinemia is also dependent on the varied 
individual initial adult β-cell mass and the rate 
that these cells are slowly destroyed in the setting 
of insulin resistance and hyperinsulinemia [16].

One of the mechanisms by which excess fat 
accumulation leads to insulin resistance is that it 
creates low-grade inflammation in the adipocyte 
that then can damage the adipocyte architecture. 
The adipocyte (and any other cell with excess fat 
accumulation) becomes resistant to insulin- 
mediated glucose uptake and suppression of lipol-
ysis as a defense mechanism for its own survival. 
In other words, its cell membrane resists glucose 

uptake attempting to prevent further intracellular 
fat synthesis and additional damage, leading to 
further impairment in triglyceride synthesis and 
storage, a characteristic component of T2D [12]. 
All these then result in an elevation in the blood-
stream concentrations of glucose and free-fatty 
acids (FFAs) that individual patients will differen-
tially attempt to traffic to other tissues, including 
skeletal muscle and the liver. Compared to patients 
with severe obesity without T2D, glycogen con-
tent is significantly reduced in skeletal muscle but 
not in the liver of T2D patients [13, 17]. It follows 
that, in the setting of peripheral tissue insulin 
resistance, the liver maintains glucose homeosta-
sis through increases in glycogen synthesis and/or 
tricarboxylic acid cycle activity. However, as the 
capacity for hepatic glycogen storage becomes 
saturated, partitioning of glucose is shifted toward 
mitochondrial oxidation to provide substrates for 
de novo lipogenesis (DNL), the process where 
surplus glucose is used to synthesize FFAs.

The liver is the most lipogenic non-adipose 
organ, and chronic hyperinsulinemia and/or 
hyperglycemia in T2D stimulates DNL (lipid 
synthesis) through upregulation of two transcrip-
tion factors responsible for DNL (sterol response 
element-binding protein-1c or SREBP-1c and 
carbohydrate response element-binding protein-β 
or ChREBP-β). Studies where intraoperative 
liver biopsies were performed in patients with 
T2D undergoing bariatric surgery have shown 
that SREBP-1c and the DNL gene program is 
markedly upregulated in the liver but downregu-
lated alongside lower glucose transporter expres-
sion in peripheral adipose tissue [12, 18, 19]. 
Along with the influx of FFAs released from 
insulin-resistant adipose tissue, DNL-produced 
FFAs may then be esterified into triglycerides for 
storage. This is in agreement with the established 
associations among high adiposity, insulin resis-
tance, and nonalcoholic fatty liver disease 
(NAFLD), a spectrum of conditions defined clin-
ically by triglyceride accumulation in >5% of 
hepatocytes on liver histology.

An inability of worsening hyperinsulinemia to 
compensate for insulin resistance and/or β-cell 
exhaustion eventually results in hyperglycemia 
that hallmarks T2D pathophysiology. The latter 
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mechanisms also highlight a possible causative 
role of hepatic fat accumulation in β-cell failure, 
as insulin secretion and peripheral appearance 
but not insulin resistance or glucose concentra-
tions were significantly higher in T2D patients 
with NAFLD relative to those with T2D and nor-
mal liver fat content [20].

Importantly, RYGB is known to favorably 
impact most if not all of the above pathways to 
normalize adipose tissue and liver metabolism 
and restore glucose homeostasis. We discuss 
these facts at the end of this chapter.

 Outcomes of Gastric Bypass 
in Patients with Severe Obesity 
and Type 2 Diabetes

We conducted an electronic search in PubMed for 
all bariatric surgery studies published in English 
that contained data on weight loss and T2D-
related outcomes for patients with BMI ≥35 kg/m2 
treated with RYGB.  Search terms were “type 2 
diabetes,” “gastric bypass,” “obese,” “bariatric 
surgery,” “metabolic,” “comorbidities,” “remis-
sion,” “relapse,” “glycemic,” “outcomes,” “micro-
vascular,” “macrovascular,” and “mortality.”

We included observational and randomized 
studies that reported outcomes of open and/or lap-
aroscopic RYGB only and those comparing RYGB 
with conventional medical therapy (Medical) or 
other nonsurgical control groups and studies that 
reported RYGB outcomes in comparison with 
three other bariatric procedures [sleeve gastrec-
tomy (SG), biliopancreatic diversion (BPD) with 
or without duodenal switch (BPD/DS), and lapa-
roscopic adjustable gastric banding (LAGB)]. 
Some studies with a large sample size and/or long-
term followup that collectively reported outcomes 
of RYGB and other bariatric studies were included 
in  this literature review but not in the sections 
comparing RYGB with medical therapy and other 
bariatric procedures. RYGB was the bariatric sur-
gery performed for the majority of patients in 
those studies. If two or more studies reported 
results of the same series or clinical trial, only the 
one with the longer follow-up was included.

We excluded studies that combined RYGB 
with other RYGB-like procedures such as 

mini- gastric bypass or studies reporting out-
comes only for patients with a BMI less than 
35 kg/m2. Data was collected by two indepen-
dent researchers and vetted by the senior 
author.

 Rates of Remission and Relapse 
of T2D After Gastric Bypass

Two criteria are commonly used to define T2D 
remission [21, 22]. The first is a 2009 consensus 
statement in which a complete remission is con-
sidered if glycated hemoglobin (HbA1c) <6% 
and fasting plasma glucose (FPG) <100 mg/dl 
[<5.6 mmol/l] and a partial remission if HbA1c 
<6.5% and FPG 100–125 mg/dl (5.6–6.9 mmol/l), 
in both cases in the absence of drug therapy or 
ongoing procedures, for a duration of at least 
1  year. The other comes from the American 
Diabetes Association (ADA) that states that 
remission occurs if HbA1c <5.7% and improve-
ment if HbA1c 5.7–6.5%, in both cases without 
hypoglycemic treatment and a duration of at least 
1 year, and no remission if these criteria were not 
met. However, many publications have used 
modifications of these definitions, and one must 
always revisit remission and relapse definitions 
in each reporting.

Initial remission of T2D after RYGB has been 
reported, using varied definitions, in about 80% 
of the patients and has been observed to occur 
soon thereafter surgery or months to years after 
surgery [23–26]. It is important, however, to note 
that relapse of T2D has been observed to occur in 
12–54% of those with initial remission [8, 24, 
27–33]. When compared to medical therapy 
alone though, RYGB have been shown to yield 
better glycemic control, greater rates of remis-
sion of T2D, lower rates of relapse, reduction of 
T2D complications and other cardiovascular risk 
factors, and reduction in premature T2D-related 
deaths [8, 30, 34–38].

Table 46.1 summarizes T2D remission and 
relapse rates in 16 studies from multiple coun-
tries that reported T2D outcomes at a minimum 
of 5 years after RYGB. Durable remission rates 
between 22% and 100% have been reported in 
these studies (Table 46.1).

46 Gastric Bypass for Type 2 Diabetes Mellitus on BMI >35



424

Ta
bl

e 
46

.1
 

L
on

g-
te

rm
 r

em
is

si
on

 a
nd

 r
el

ap
se

 o
f 

ty
pe

 2
 d

ia
be

te
s 

(T
2D

) 
af

te
r 

ga
st

ri
c 

by
pa

ss
 (

R
Y

G
B

) 
in

 s
tu

di
es

 w
ith

 5
 y

ea
rs

 o
r 

m
or

e 
of

 f
ol

lo
w

-u
p

A
ut

ho
r 

(y
ea

r)
Fo

llo
w

-u
p 

du
ra

tio
n

St
ud

y 
de

si
gn

G
ro

up
s

C
ou

nt
ry

R
Y

G
B

 N
B

L
/N

a  
(%

T
2D

)
T

2D
a  

N
FU

R
ac

e 
(%

)
D

efi
ni

tio
n 

of
 r

em
is

si
on

R
em

is
si

on
, 

n 
(%

)
R

el
ap

se
, 

n 
(%

)
Fi

nd
in

gs
X

ia
os

on
g 

(2
01

9)
b  [

33
]

5 
ye

ar
s

R
et

ro
sp

ec
tiv

e 
co

ho
rt

R
Y

G
B

C
hi

na
24

/2
4 

(1
00

)
24

N
R

H
bA

1c
 <

6%
 a

nd
 F

PG
c  

<
5.

6 
fo

r 
1 

ye
ar

 w
ith

ou
t 

m
ed

ic
at

io
n

N
R

13
/2

4 
(5

4.
2)

R
at

es
 o

f 
re

la
ps

e 
af

te
r 

in
iti

al
 r

em
is

si
on

 
in

cr
ea

se
d 

fr
om

 4
%

 a
t 

1 
ye

ar
 to

 5
4%

 a
t 

5 
ye

ar
s.

 P
re

op
er

at
iv

e 
H

bA
1c

 a
nd

 C
-p

ep
tid

e 
le

ve
ls

 p
re

di
ct

 r
el

ap
se

N
gu

ye
n 

(2
01

7)
 [

11
7]

10
 y

ea
rs

R
C

T
R

Y
G

B
, 

L
A

G
B

U
SA

N
R

/1
11

 (
N

R
)

48
N

R
Im

pr
ov

em
en

t: 
re

du
ct

io
n 

in
 

do
sa

ge
 o

r 
th

e 
nu

m
be

r 
of

 
di

ab
et

ic
 

m
ed

ic
at

io
ns

R
em

is
si

on
: 

pa
tie

nt
 n

o 
lo

ng
er

 r
eq

ui
re

d 
th

e 
us

e 
of

 d
ia

be
te

s 
m

ed
ic

at
io

n

N
R

 
(8

6.
4%

)
N

R
R

Y
G

B
 w

as
 a

ss
oc

ia
te

d 
w

ith
 b

et
te

r 
lo

ng
-t

er
m

 
w

ei
gh

t l
os

s,
 lo

w
er

 r
at

e 
of

 la
te

 r
eo

pe
ra

tio
ns

, 
an

d 
im

pr
ov

ed
 

re
m

is
si

on
 o

f 
di

ab
et

es
 

co
m

pa
re

d 
to

 L
A

G
B

Pe
te

rl
i (

20
18

) 
[9

5]
5 

ye
ar

s
R

C
T

R
Y

G
B

, 
SG

Sw
itz

er
la

nd
28

/1
04

 (
27

)
28

N
R

H
bA

1c
 <

6%
 a

nd
 F

PG
c  

<
5.

6 
at

 le
as

t 1
 y

ea
r 

w
ith

 n
o 

ac
tiv

e 
ph

ar
m

ac
ol

og
ic

 
th

er
ap

y

19
 (

67
.9

)
N

R
T

he
re

 w
er

e 
no

 
si

gn
ifi

ca
nt

 d
if

fe
re

nc
es

 
in

 e
xc

es
s 

B
M

I 
lo

ss
 o

r 
T

2D
 r

em
is

si
on

 
be

tw
ee

n 
SG

 a
nd

 
R

Y
G

B
 a

t 5
 y

ea
rs

Sa
lm

in
en

 
(2

01
8)

 [
96

]
5 

ye
ar

s
R

C
T

R
Y

G
B

, 
SG

Fi
nl

an
d

41
/9

5 
(4

3)
40

N
R

H
bA

1c
 <

6%
 a

nd
 F

PG
c  

<
5.

6 
an

d 
at

 le
as

t 1
 y

ea
r 

w
ith

 n
o 

ph
ar

m
ac

ol
og

ic
 

th
er

ap
y

10
/4

0 
(2

5)
N

R
R

Y
G

B
 w

as
 a

ss
oc

ia
te

d 
w

tih
 a

 s
ta

tis
tic

al
ly

 
si

m
ila

r 
ra

te
 o

f 
T

2D
 

re
m

is
si

on
 a

nd
 a

 
gr

ea
te

r 
%

 e
xc

es
s 

w
ei

gh
t l

os
s 

at
 5

 y
ea

rs
 

co
m

pa
re

d 
to

 S
G

 (
th

e 
di

ff
er

en
ce

 d
id

 n
ot

 
m

ee
t t

he
 c

ri
te

ri
a 

fo
r 

cl
in

ic
al

 s
ig

ni
fic

an
ce

)
Sc

ha
ue

r 
(2

01
7)

d  [
8]

5 
ye

ar
s

R
C

T
R

Y
G

B
, 

SG
, 

m
ed

ic
al

 
th

er
ap

y

U
SA

50
/5

0 
(1

00
)

49
W

hi
te

 
(7

4)
H

bA
1c

 ≤
6%

 w
ith

ou
t 

m
ed

ic
at

io
n

11
 (

22
.4

)
10

/2
0 

(5
0)

R
Y

G
B

 w
as

 s
up

er
io

r 
to

 
m

ed
ic

al
 th

er
ap

y 
an

d 
si

m
ila

r 
to

 S
G

J. Khoraki et al.



425

(c
on

tin
ue

d)

Ja
m

m
u 

(2
01

6)
 [

14
2]

7 
ye

ar
s

Pr
os

pe
ct

iv
e 

co
ho

rt
R

Y
G

B
, 

SG
, 

m
in

i-
 

ga
st

ri
c 

by
pa

ss

In
di

a
33

 (
23

.1
)

N
R

N
R

N
R

N
R

 (
75

.8
)

N
R

M
in

i-
ga

st
ri

c 
by

pa
ss

 
w

as
 s

up
er

io
r 

to
 R

Y
G

B
 

an
d 

L
SG

M
in

gr
on

e 
(2

01
5)

 [
30

]
5 

ye
ar

s
R

C
T

R
Y

G
B

, 
B

PD
, 

m
ed

ic
al

 
th

er
ap

y

It
al

y
19

/1
9 

(1
00

)
19

N
R

H
bA

1c
 ≤

 6
.5

%
 a

nd
 F

PG
c  

≤
5.

6 
fo

r 
1 

ye
ar

 w
ith

ou
t 

m
ed

ic
at

io
n

7 
(3

7)
8/

15
 

(5
3)

R
Y

G
B

 a
nd

 B
PD

 w
er

e 
su

pe
ri

or
 to

 m
ed

ic
al

 
th

er
ap

y 
an

d 
B

PD
 

w
as

 s
up

er
io

r 
to

 R
Y

G
B

B
ha

sk
er

 
(2

01
5)

 [
14

3]
5 

ye
ar

s
Pr

os
pe

ct
iv

e 
co

ho
rt

R
Y

G
B

In
di

a
10

6/
10

6 
(1

00
)

90
In

di
an

H
bA

1c
 <

6.
0%

, F
PG

c  <
5.

6 
w

ith
ou

t m
ed

ic
at

io
n 

fo
r 

a 
co

nt
in

uo
us

 m
in

im
um

 
pe

ri
od

 o
f 

6 
m

on
th

s

N
R

0 
(0

%
)

W
ei

gh
t r

eg
ai

n 
di

d 
no

t 
le

ad
 to

 T
2D

 r
el

ap
se

L
ey

ba
 (

20
14

) 
[1

08
]

5 
ye

ar
s

Pr
os

pe
ct

iv
e 

co
ho

rt
R

Y
G

B
, 

SG
V

en
ez

ue
la

3/
75

 (
0.

04
)

3
N

R
H

bA
1c

 <
6%

 w
ith

ou
t 

m
ed

ic
at

io
n

2 
(6

6.
7)

N
A

T
he

re
 w

as
 n

o 
di

ff
er

en
ce

 b
et

w
ee

n 
R

Y
G

B
 a

nd
 S

G
A

rt
er

bu
rn

 
(2

01
3)

 [
28

]
5 

ye
ar

s
R

et
ro

sp
ec

tiv
e 

co
ho

rt
R

Y
G

B
U

SA
4,

43
4/

4,
43

4 
(1

00
)

30
06

N
R

H
bA

1c
 <

6.
0%

, F
PG

c  <
5.

6 
oc

cu
rr

in
g 
≥

18
0 

da
ys

 
w

ith
ou

t m
ed

ic
at

io
ns

2,
05

0 
(6

8.
2)

N
R

 
(3

5.
1)

R
Y

G
B

 r
es

ul
ts

 in
 

du
ra

bl
e 

re
m

is
si

on
 b

ut
 

no
t i

n 
al

l p
at

ie
nt

s.
 

O
ne

-t
hi

rd
 e

xp
er

ie
nc

e 
re

la
ps

e
B

re
th

au
er

 
(2

01
3)

 [
29

]
5 

ye
ar

s 
or

 
m

or
e

R
et

ro
sp

ec
tiv

e 
co

ho
rt

R
Y

G
B

, 
SG

, 
L

A
G

B

U
SA

16
2/

16
2 

(1
00

)
16

2
N

R
H

bA
1c

 <
6%

, F
PG

c  <
5.

6 
fo

r 
1 

ye
ar

 w
ith

ou
t 

m
ed

ic
at

io
n

50
 (

31
)

20
/1

15
 

(1
7)

R
Y

G
B

 is
 s

up
er

io
r 

to
 

SG
 a

nd
 L

A
G

B

A
da

m
s 

(2
01

2)
 [

14
4]

6 
ye

ar
s

Pr
os

pe
ct

iv
e 

co
ho

rt
R

Y
G

B
, 

2 co
nt

ro
l 

gr
ou

ps

U
SA

93
/4

18
 (

22
.2

)
87

W
hi

te
 

(9
5)

N
or

m
al

 F
PG

c  a
nd

 H
bA

1c
 

w
ith

ou
t m

ed
ic

at
io

n
54

 (
62

.1
)

N
R

R
Y

G
B

 h
ad

 h
ig

h 
ra

te
s 

of
 r

em
is

si
on

 c
om

pa
re

d 
to

 n
on

su
rg

ic
al

 c
on

tr
ol

 
gr

ou
ps

Z
ha

ng
 2

01
4 

[2
6]

5 
ye

ar
s

R
C

T
R

Y
G

B
, 

SG
C

hi
na

8/
32

 (
25

)
8

N
R

R
es

ol
ut

io
n:

 
di

sc
on

tin
ua

tio
n 

of
 T

2D
 

m
ed

ic
at

io
ns

Im
pr

ov
em

en
t: 

re
du

ct
io

n 
of

 
T

2D
 m

ed
ic

at
io

ns

7 
(8

7.
5)

N
R

R
Y

G
B

 w
as

 s
up

er
io

r 
to

 
L

SG
 in

 w
ei

gh
t l

os
s,

 
bu

t t
he

 d
if

fe
re

nc
e 

in
 

re
so

lu
tio

n 
or

 
im

pr
ov

em
en

t o
f 

co
m

or
bi

di
tie

s 
di

d 
no

t 
re

ac
h 

th
e 

st
at

is
tic

al
 

si
gn

ifi
ca

nc
e

46 Gastric Bypass for Type 2 Diabetes Mellitus on BMI >35



426

Ta
bl

e 
46

.1
 

(c
on

tin
ue

d)

D
iG

io
rg

i 
20

10
 [

31
]

5 
ye

ar
s

R
et

ro
sp

ec
tiv

e 
co

ho
rt

R
Y

G
B

U
SA

42
 (

10
0)

N
R

N
R

H
bA

1c
 ≤

 6
%

 w
ith

ou
t 

m
ed

ic
at

io
n

27
 (

64
)

7/
27

 
(2

6)
T

he
re

 w
er

e 
si

gn
ifi

ca
nt

 
ra

te
s 

of
 T

2D
 

re
cu

rr
en

ce
 o

r 
w

or
se

ni
ng

 a
ft

er
 in

iti
al

 
re

so
lu

tio
n

C
hi

ku
ng

uw
o 

(2
00

9)
 [

24
]

5 
ye

ar
s 

or
 

m
or

e
R

et
ro

sp
ec

tiv
e 

co
ho

rt
R

Y
G

B
U

SA
17

7/
17

7 
(1

00
)

17
7

N
R

N
o 

lo
ng

er
 r

eq
ui

ri
ng

 a
ny

 
di

ab
et

ic
 m

ed
ic

at
io

n 
or

 
di

et
ar

y 
m

an
ag

em
en

t

15
7 

(8
8.

7)
68

/1
57

 
(4

3.
3)

H
ig

h 
ea

rl
y 

re
m

is
si

on
 

ra
te

 o
f 

89
%

 w
as

 
fo

llo
w

ed
 b

y 
43

%
 r

el
ap

se
 r

at
e

A
le

xa
nd

ri
de

s 
(2

00
7)

 [
14

5]
5 

ye
ar

s
R

et
ro

sp
ec

tiv
e 

co
ho

rt
R

Y
G

B
, 

B
PD

G
re

ec
e

26
/2

6 
(1

00
)

9
N

R
5.

6≤
FP

G
c  ≤

6.
9 

on
 tw

o 
oc

ca
si

on
s 

or
 2

-h
ou

r 
gl

uc
os

e≤
11

.1
 a

ft
er

 a
 7

5 
g 

or
al

 g
lu

co
se

 to
le

ra
nc

e 
te

st

6 
(6

6.
7)

N
R

B
PD

 w
as

 m
or

e 
ef

fe
ct

iv
e 

th
an

 R
Y

G
B

 
in

 d
ia

be
te

s 
an

d 
im

pa
ir

ed
 f

as
tin

g 
gl

uc
os

e 
re

so
lu

tio
n

L
A

G
B

 la
pa

ro
sc

op
ic

 a
dj

us
ta

bl
e 

ga
st

ri
c 

ba
nd

in
g,

 S
G

 s
le

ev
e 

ga
st

re
ct

om
y,

 B
P

D
 b

ili
op

an
cr

ea
tic

 d
iv

er
si

on
, R

C
T

 r
an

do
m

iz
ed

 c
on

tr
ol

 tr
ia

l, 
N

R
 n

ot
 r

ep
or

te
d

a N
, t

ot
al

 n
um

be
r 

of
 p

at
ie

nt
s 

w
ho

 u
nd

er
w

en
t R

Y
G

B
; N

B
L
, a

ll 
pa

tie
nt

s 
w

ith
 T

2D
 a

t b
as

el
in

e;
 N

FU
, p

at
ie

nt
s 

w
ith

 b
as

el
in

e 
T

2D
 a

t l
as

t f
ol

lo
w

-u
p

b X
ia

os
on

g 
et

 a
l. 

[3
3]

 i
nc

lu
de

d 
on

ly
 2

4 
pa

tie
nt

s 
w

ith
 c

om
pl

et
e 

re
m

is
si

on
 6

 m
on

th
s 

af
te

r 
su

rg
er

y 
in

 t
he

ir
 s

tu
dy

. T
he

 a
ut

ho
rs

 d
id

 n
ot

 r
ep

or
t 

da
ta

 o
n 

th
ei

r 
en

tir
e 

co
ho

rt
 (

n 
=

 9
1)

. 
R

el
ap

se
 a

t 5
 y

ea
rs

 o
f 

fo
llo

w
-u

p 
oc

cu
rr

ed
 in

 1
2 

(5
0%

) 
in

 a
dd

iti
on

 to
 a

no
th

er
 p

at
ie

nt
 w

ith
 r

el
ap

se
 a

t y
ea

r 
6 

[1
3 

pa
tie

nt
s 

w
ith

 o
ve

ra
ll 

ob
se

rv
ed

 r
el

ap
se

 (
54

.2
%

)]
c F

PG
 (

fa
st

in
g 

pl
as

m
a 

gl
uc

os
e)

 is
 e

xp
re

ss
ed

 in
 m

m
ol

/L
d S

ch
au

er
 e

t a
l. 

[8
] 

in
cl

ud
ed

 p
at

ie
nt

s 
w

ith
 B

M
I 

27
–4

3 
in

 th
ei

r 
st

ud
y.

 1
4 

pa
tie

nt
s 

ha
d 

B
M

I 
<

35
 in

 th
e 

R
Y

G
B

 g
ro

up

A
ut

ho
r 

(y
ea

r)
Fo

llo
w

-u
p 

du
ra

tio
n

St
ud

y 
de

si
gn

G
ro

up
s

C
ou

nt
ry

R
Y

G
B

 N
B

L
/N

a  
(%

T
2D

)
T

2D
a  

N
FU

R
ac

e 
(%

)
D

efi
ni

tio
n 

of
 r

em
is

si
on

R
em

is
si

on
, 

n 
(%

)
R

el
ap

se
, 

n 
(%

)
Fi

nd
in

gs

J. Khoraki et al.



427

Again and importantly, different definitions of 
remission are adopted by authors of these studies 
and can partly explain the large variations in 
remission and relapse rates found in the literature 
[39].

The mechanisms by which RYGB produces 
these remarkable effects involve weight loss- 
dependent and weight loss-independent factors 
as explained later in this chapter.

In the following sections, we review predic-
tors of remission and relapse of T2D after RYGB 
and compare the outcomes of RYGB versus med-
ical therapy and other bariatric procedures in ran-
domized controlled trials (RCTs).

 Predictors of Remission and Relapse 
of Type 2 Diabetes Following Gastric 
Bypass

It is of great relevance to identify patient-level 
characteristics that could independently predict 
remission (and relapse) after surgery. It helps 
physicians better counsel patients with T2D who 
are being evaluated for gastric bypass surgery 
especially when the principal consideration is the 
treatment of their T2D. It also provides the neces-
sary evidence to guide policymakers (including 

insurance companies) in the efforts to include 
metabolic surgery and expand its indication for 
the treatment algorithm and guidelines of T2D 
[40, 41]. These predictors can also help research-
ers understand the mechanisms of glycemic con-
trol after RYGB (discussed later in this chapter). 
We found 26 articles reporting on remission and 
relapse of T2D after RYGB (Tables 46.2 and 
46.3). Table  46.2 summarizes preoperative and 
postoperative factors that have been reported as 
predictors of T2D remission and relapse follow-
ing RYGB.

Although most of these predictors of remission 
and relapse were statistically independent, as 
demonstrated by multivariate analyses conducted 
in many studies (Table  46.3), they seem to be 
physiologically interconnected. Greater rates of 
remission are achieved in younger patients (likely 
associated with shorter duration of the disease), 
who may have greater residual β-cell function 
(lack of insulin requirement and better glycemic 
control preoperatively). C-peptide measurement 
provides a practical tool to assess insulin secre-
tion and reflect islet cell mass. Thus, higher base-
line C-peptide levels indicate relatively adequate 
pancreatic β-cell function. Similarly, glucagon-
like peptide (GLP-1), an incretin produced in the 
L-cells of the distal ileum and colon, is a modula-

Table 46.2 Predictors of type 2 diabetes (T2D) remission and relapse after gastric bypass

Time of prediction Predictors of remission Predictors of relapse
Preoperative Younger age [32, 47, 49, 58, 61, 143, 145] Older age [24, 28, 56]

Shorter T2D duration [8, 29, 32, 45–47, 56, 59, 65, 
143, 145, 146]

Longer T2D duration [28]

Better glycemic control (lower HbA1c and/or fasting 
blood glucose) [28, 32, 45, 48, 49, 56, 61, 65, 146]

Poor glycemic control (higher 
HbA1c and/or fasting blood 
glucose) [28] [33]

Lack of insulin requirement [24, 28, 31, 48, 55, 56, 61, 
65, 143, 147] or lower insulin dose in patients with 
insulin-dependent T2D [57, 145]

Insulin requirement [24, 28, 32, 56]

Higher BMI [46–49] Lower BMI [31]
Male gender [24, 28]
Female gender [146]

Female gender [24]

Higher C-peptide level [46, 47, 49, 143] Lower C-peptide level [33]
Smaller waist circumference [25, 147]
Longer alimentary limb (long-limb RYGB) [24]
Higher baseline triglyceride level [30]

Postoperative Weight loss [8, 24, 28, 29, 46, 49, 55–58] Weight regain [24, 29, 31, 56]
Higher GLP-1 secretion at 1 month after surgery [43]

HbA1c glycated hemoglobin, GLP-1 glucagon-like peptide- 1, BMI body mass index
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Table 46.3 Predictors of type 2 diabetes (T2D) remission and relapse after gastric bypass

Author (year) Study design n/Na(%T2D) Predictors of remission Predictors of relapse
Xiaosong (2019) [33] Retrospective 

cohort
24/24 (100) NR Higher preoperative 

HbA1c and lower 
C-peptide (2 h and 
3 h)

Huang (2018) [45] Meta-analysis 1,160/1,160 (100) Shorter duration of T2D and 
lower preoperative HbA1c

NR

de Oliveira  
(2018) [32]

Retrospective 
cohort

254/254 (100) Younger age, better glycemic 
control, and shorter duration 
of diabetes prior to surgery.

Preoperative use of 
insulin or any 
antidiabetic agent 
other than metformin

Schauer (2017)b [8] RCT 50/50 (100) Duration of diabetes <8 years Not associated with 
weight regain

Aminian (2017)b [65] Retrospective 
cohort

659/659 (100) Fewer diabetes medications, 
absence of insulin use, shorter 
duration of T2D, and glycemic 
control (HbA1C <7%)

NR

Casajoana  
(2017) [43]

RCT 15/15 (100) Preoperative insulin use and 
higher GLP-1 secretion at 
1 month after surgery. Weight 
loss not predictive

NR

Park (2016) [49] Retrospective 
cohort

134/403 (33) Younger age at operation, 
lower HbA1c and higher 
C-peptide levels, and % total 
body weight loss after surgery

NR

Panunzi (2015) [25] Meta-analysis 2,415/4,944 (49) Smaller baseline waist 
circumference

NR

Mingrone (2015) [30] RCT 19/19 (100) Higher baseline triglycerides. 
Weight loss not predictive

Not associated with 
weight regain

Khanna (2015) [59] Prospective 
cohort

27/27 (100) Shorter duration of diabetes 
(<5 years). Weight loss not 
predictive

NR

Bhasker (2015) [143] Prospective 
cohort

106/106 (100) Fasting C-peptide levels 
≥3 ng/mL, duration of T2D 
≤5 years, BMI ≥40 kg/m2, not 
on insulin preoperatively and 
age <60 years

NR

Still (2014) [61] Retrospective 
cohort

NR//2,365 (NR) Younger age, lower HbA1c, 
absence of use of insulin and 
insulin-sensitizing agent (not 
metformin) with sulfonylureas

NR

Dixon (2013) [46] Prospective 
cohort

103/103 (100) Diabetes duration <4 years, 
BMI >35 kg/m2, fasting 
C-peptide concentration 
>2.9 ng/m and %WL

NR

Arterburn (2013) [28] Retrospective 
cohort

4,434/4,434 (100) Male gender, preoperative 
HbA1c <6.5%, not requiring 
insulin or oral hypoglycemic 
agents and shorter DM 
duration

Older age, 
preoperative HbA1c 
≥6.5%, insulin 
requirement, and 
longer T2D duration

Brethauer (2013) [29] Retrospective 
cohort

162/162 (100) Duration of DM <5 y and % 
excess weight loss

Weight regain

Lee (2013)b [47] Prospective 
cohort

2,523/5,467 (46) Younger age, higher BMI and 
C-peptide level, and shorter 
duration of T2D

NR

Jimenez (2012) [56] Prospective 
cohort

98/98 (100) Shorter duration of diabetes, 
lower baseline HbA1c, lack of 
insulin treatment and greater 
weight loss

Insulin use, older 
age, and weight 
regain
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tor of β-cell function and may prevent further loss 
of pancreatic beta cell mass. It plays a key role in 
the increased insulin and decreased glucose 
response to a meal, and changes in GLP-1 have 
been linked to greater weight loss and metabolic 
improvements after bariatric surgery [42]. 
Therefore, the finding that restoration of endoge-
nous GLP-1 soon after RYGB provides a prog-
nostic value is not surprising [43].

Additionally, patients with T2D remission 
after RYGB likely have favorable fat distribu-
tion pattern with less central adiposity (smaller 
waist circumference) compared to those who 
don’t achieve remission or have T2D relapse. A 
meta- analysis by Panunzi et al. studied predic-

tors of remission of T2D in severely obese indi-
viduals after bariatric surgery found waist 
circumference to be the only predictor of HbA1c 
reduction after surgery [25]. The finding is in 
agreement with a study by Blaha and colleagues 
demonstrating a similar negative correlation 
between waist circumference and glycemic con-
trol following an intensive intervention aimed at 
controlling  diabetes in 164 adult patients with a 
history of poor glycemic control [44]. Another 
meta-analysis of predictors of glycemic control 
after RYGB vs sleeve gastrectomy found that 
the  duration of T2D and preoperative HbA1C 
were correlated with glycemic control after 
RYGB [45].

Table 46.3 (continued)

Author (year) Study design n/Na(%T2D) Predictors of remission Predictors of relapse
Hayes (2011) [48] Retrospective 

cohort
130/130 (100) Lower HbA1c, lower fasting 

plasma glucose, no 
hypertension, higher BMI and 
no requirement for insulin

NR

Hall (2010) [146] Retrospective 
cohort

110/110 (100) Shorter duration (<10 years) 
and better control (HbA1c 
<8%) of diabetes prior to 
surgery

NR

DiGiorgi (2010) [31] Retrospective 
cohort

42/42 (100) Not being on insulin or oral 
hypoglycemic agents

Lower preoperative 
BMI, lower weight 
loss and weight 
regain

Chikunguwo (2010) 
[24]

Retrospective 
cohort

177/177 (100) Excess weight loss, long-limb 
RYGB. Durability: male 
gender and absence insulin 
requirement before surgery

Older age, female 
gender, preoperative 
insulin requirement, 
lower weight loss, 
and weight regain

Kadera (2009) [57] Retrospective 
cohort

318/1,546 (21) Preoperative insulin dose and 
% excess weight loss

NR

Alexandrides (2007) 
[145]

Retrospective 
cohort

137/137 (100) Younger age, shorter duration 
of diabetes (<5 years), and 
lower insulin dose for 
insulin-dependent T2D

NR

Torquati (2005) [147] Retrospective 
cohort

117/117 (100) Smaller preoperative waist 
circumference and absence of 
insulin treatment

NR

Schauer (2003) [55] Retrospective 
cohort

240/1,160 (21) Shorter duration (<5 years), 
diet controlled, and greater 
weight loss

NR

Sugerman (2003) [58] Retrospective 
cohort

154/1,025 (15) Younger age and greater % 
excess weight loss

NR

HbA1c glycated hemoglobin, GLP-1 glucagon-like peptide-1, NR not reported
aN, patients at the last year of the follow-up duration; n, patients with T2D at follow-up
bStudies that included a subset of patients with body mass index (BMI) <35 kg/m2
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Higher preoperative BMI has been shown 
to predict T2D remission by some studies 
[46–49]; however, it’s likely influenced by 
other factors included in the multivariate 
analysis models of some of those studies such 
as weight loss [49] and by inclusion of 
patients with BMI <35  kg/m2 by others [46, 
47]. BMI per se is a poor predictor of T2D or 
its remission after bariatric surgery [50, 51]. 
In fact, fat distribution (central obesity and 
intrahepatic fat deposition) rather than BMI is 
a more accurate representative of the adverse 
metabolic consequences of obesity [15, 52], 
and the T2D-related complications are highly 
associated with an elevated HbA1c and not 
the BMI [53, 54].

Weight loss [24, 28, 29, 46, 49, 55–58] and 
regain [24, 29, 31] after RYGB have been found 
to play a major role in T2D remission and relapse, 
respectively.

Other studies, however, did not find an asso-
ciation between weight outcomes and T2D remis-
sion [30, 43, 59] and relapse [8, 30] suggesting 
that in some patients the presence of weight- 
independent mechanisms that contribute to the 
glycemic control may have a larger role than 
weight change itself.

 Scoring Systems for Predicting T2D 
Remission (and Relapse) After Gastric 
Bypass

In attempts to possibly adopt a personalized 
approach to better counsel individual patients 
who are being considered for surgery as to their 
specific chances of achieving glycemic control, 
several scoring systems have been proposed to 
predict the likelihood of T2D remission after 
surgery.

Lee et al. used the results of a large prospec-
tive study to develop the Diabetes Surgery Score 
which utilizes four baseline patient characteris-
tics [age, BMI, C-peptide level, and duration of 
T2D (ABCD score)] to predict remission with 
RYGB and sleeve gastrectomy. An ABCD score 
> 6 predicts failure to achieve remission at 1 year 
[47, 60].

The DiaRem score is another scoring system 
that utilizes the results of independent predictors 
of remission of a large cohort of patients who 
underwent RYGB [61]. It combines preoperative 
age, insulin use, HbA1c level, and type of anti-
diabetic medication with the highest weight given 
to insulin use. It gives a score between 0 and 22 
with the lower scores having higher probability 
of remission at 1 year. In a cohort of 136 patients 
with complete follow-up data on the four compo-
nents of the score, Aminian et al. provided exter-
nal validation up to 2  years after surgery [62]. 
However, two later studies showed limitations of 
the DiaRem score [63, 64] including its lack of 
accuracy for predicting long-term durable out-
comes as remission was only achieved in 50% of 
patients with the lowest score of 0–2 after 8 years 
of follow-up [63].

Recently, an individualized metabolic surgery 
(IMS) score was later developed and externally 
validated by Aminian and colleagues in a large 
cohort of 900 patients with T2D who underwent 
RYGB and sleeve gastrectomy with more than 
5 years of follow-up. It has the benefit of select-
ing the appropriate surgical procedure in addition 
to predicting success of treatment [65–67].

Lastly, in an effort to apply a scoring system to 
predict long-term remission and relapse after sur-
gery, Debédat et al. proposed the 5y-Ad-DiaRem 
with an ability to predict 5-year remission and 
identify patients at risk for relapse utilizing 1-year 
follow-up data (glycemia, number of antidiabetic 
treatments, remission status, 1-year weight loss) 
in addition to baseline information [68].

These scoring systems, although not widely 
adopted yet, provide useful tools for bariatric sur-
geons and a promising step toward personalized 
patient care for improving outcomes of metabolic 
surgery.

 Effects of Gastric Bypass on T2D- 
Related Complications and Long- 
Term Premature Mortality

In patients with T2D, morbidity is related to both 
macrovascular (atherosclerosis) and microvascu-
lar (nephropathy, neuropathy, and retinopathy) 
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complications [69]. It has been estimated that 
12% of all mortalities in the USA could be attrib-
utable to T2D, making it, in essence, the third 
leading cause of death despite it being listed as 
the underlying cause of death in only 2.8% of 
death certificates [70]. Cardiovascular disease, 
including coronary artery disease, stroke, and 
heart failure, remains the leading cause of mor-
tality in patients with T2D [71]. In addition, 
increasing evidence has shown that T2D is not 
unimpeachable of premature deaths from other 
causes including several types of cancer and 
infectious diseases [72]. Furthermore, severe 
obesity further exacerbates these risks owing to 
the detrimental role of increased adiposity in 
insulin resistance and glycemic impairment 
[73–76].

Improved glycemic control after RYGB and 
other bariatric-metabolic procedures (including 
complete and durable remission of T2D in a sub-
set of patients) leads to decreased risk of macro-
vascular and microvascular complications [10, 
30, 71, 74, 77–81].

Recently, Fisher et  al. retrospectively ana-
lyzed two cohorts of patients with BMI ≥35 and 
T2D who underwent bariatric surgery (n = 5,301, 
RYGB 76%) and control patients (n  =  14,934) 
matched by baseline age, sex, BMI, HbA1c, insu-
lin use, and diabetes duration. They found a lower 
composite incidence of macrovascular events and 
coronary artery disease at 5 years following bar-
iatric surgery (2.1% and 1.6%, respectively) 
compared to controls (4.3% and 2.8%, respec-
tively) [10].

A prospective matched case-control study of 
patients with BMI >34 kg/m2 and T2D (Swedish 
Obese Subjects Study) reported short-term and 
long-term outcomes following bariatric surgery 
[n = 343 (55 RYGB)] and compared them to con-
temporaneous obese control (n  =  260) who 
received conventional medical management [79, 
82]. Sjöström et al. found that bariatric surgery 
produced higher rates of T2D remission and 
fewer micro- and macrovascular complications 
than medical therapy median follow-up of 
18 years.

Similarly, Johnson et al., using a large cohort 
from administrative data of obese patients with 

T2D who underwent bariatric surgery (n = 2,580) 
compared to nonsurgical control group matched 
by insurance status (n = 13,371). At 5 years, bar-
iatric surgery was associated with a 60% to 70% 
reduction in any first major macrovascular com-
plication (myocardial infarction, stroke, or death) 
or microvascular complication (new blindness, 
laser eye or retinal surgery, non-traumatic ampu-
tation, or requiring long-term dialysis) [83].

The effects on cardiovascular risk following 
RYGB alone were studied in a smaller prospec-
tive cohort of 92 patients with predicted baseline 
10-year cardiovascular risk of 6.7%. This was 
decreased to 5.4% at 1 year after surgery, repre-
senting absolute risk reduction of 1.3% [77]. 
Long-term outcomes of diabetes-related compli-
cations are studied in a few RCT which reported 
reduction in cardiovascular events [30], nephrop-
athy [30], neuropathy [30], and retinopathy [8, 
30] 5  years after bariatric surgery. Due to the 
small sample size of the RCTs, prevalence of 
these complications were not powered enough to 
draw any definitive conclusion.

On the other hand, data showing long-term 
survival benefits after RYGB (or other bariatric 
procedures) is limited to observational studies [9, 
83–86] as it may be infeasible to conduct RCTs 
given the large sample size and long duration of 
follow-up required in addition to ethical consid-
eration of assigning patients to nonsurgical arms 
with expected inferior outcomes [87]. Results 
from three meta-analyses [74, 84, 86] comparing 
mortality between bariatric surgery and nonsur-
gical treatment found a 41–50% mortality reduc-
tion in patients after bariatric surgery [84, 86] and 
even a larger reduction of 79% in patients with 
T2D who underwent bariatric surgery [74].

All of these observational studies with one 
exception [9] analyzed their results combining all 
types of bariatric surgery and did not report 
procedure- specific outcomes. In a retrospective 
review of a large cohort of consecutive patients 
who underwent RYGB at a single practice in 
Utah (n = 7,925), Adams et al. compared long- 
term all-cause and disease-specific mortality 
compared to a control group matched for age, 
sex, and self-reported BMI of driver license 
applicants in the same state. At a mean of 
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7.1 years of follow-up, they found that all-cause 
mortality decreased by 40%, in the RYGB group 
compared with controls. Interestingly and rele-
vant to the focus of this chapter, mortality associ-
ated with diabetes decreased by 92%, whereas 
mortality associated with coronary artery disease 
and cancer decreased by 56% and 60%, respec-
tively [9].

Notwithstanding the evidence provided by the 
Adams, one should be cautious to not generalize 
these findings to all bariatric patients’ popula-
tions as patients with higher risk may not have 
similar favorable outcomes [88].

 Comparisons Between Outcomes 
of Gastric Bypass and Other Medical 
and Surgical Interventions 
in Randomized Controlled Trials

 Gastric Bypass vs Medical 
Management

Results from seven RCT’s (Table  46.4) have 
shown superior outcomes of RYGB compared to 
well-structured and supervised programs of opti-
mal/intensive medical management and lifestyle 
modifications for the treatment of T2D. Remission 
rates from 15% to 90% were achieved 1–5 years 
following RYGB compared to only 0–9% follow-
ing medical management alone. This variation in 
remission rates can be explained, in part, by the 
different definitions of T2D remission in these 
trials in addition to differences in the inclusion 
criteria and patient populations. Of the seven 
RCT’s, six included a subset of patients with 
BMI <35  kg/m2 (29–60% of patients) without 
reporting T2D remission outcomes for those sep-
arately [8, 35, 38, 116, 148, 149]. As expected, 
patients had a substantially higher percentage of 
weight loss with RYGB  compared to medical 
management (22–28% vs 5–8% at 1–5 years of 
follow- up). These studies did not control for 
weight loss, rather studied outcomes at certain 
time-points following the two interventions.

Therefore, one cannot answer the question of 
whether the superior outcomes associated with 
RYGB are solely related to weight loss. 

Interestingly, however, Liang et  al. compared 
patients who underwent RYGB (n = 31) with two 
medical management groups, one of which 
involved adding glucagon-like peptide-1 (GLP- 
1) receptor agonist (exenatide) to the treatment 
regimen. Exenatide is known to have a weight 
loss effect in obese diabetic patients [38], and as 
expected in this group (n = 34), BMI decreased 
from a mean of 30.3 to 26.8 kg/m2 which was a 
significantly higher reduction than that observed 
in the second medical management group 
(n = 36) without exenatide and barely any BMI 
change from baseline. This better weight loss in 
the exenatide group yielded a greater improve-
ment in insulin resistance (measured by 
HOMA-IR); however, it failed to translate into 
remission of T2D as none of the patient in either 
of the two medical management groups had 
remission of T2D at 1  year of follow-up com-
pared to 90% of those in the RYGB group [38]. 
In-depth physiologic mechanistic studies com-
paring medical vs surgical interventions control-
ling for weight loss are needed to better 
understand the reasons behind superior outcomes 
observed with RYGB when compared to medical 
management alone.

 Gastric Bypass vs Sleeve Gastrectomy

Sleeve gastrectomy (SG) is the most common 
bariatric surgery performed in the USA [11] and 
worldwide [89]. Conflicting results exist on 
whether SG provides comparable weight loss and 
glycemic control outcomes compared to RYGB.

We identified ten RCT’s that studied outcomes 
of RYGB in comparison with SG in patients with 
severe obesity (Table 46.5), six of which reported 
short-term outcomes of 1–3  years of follow-up 
[43, 90–94] and a few reported relatively long- 
term outcomes 5 years after surgery [8, 26, 95, 
96].

Contrary to a large body of observational stud-
ies, including very large comparative studies [97, 
98], some of which included matched cohorts 
[98], showing superior weight loss [97, 98] and 
T2D resolution with RYGB [98], most RCT’s 
showed little or no difference (at least statisti-
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cally) between the two procedures in their ability 
to reduce weight and improve T2D [8, 90–96]. 
Only two RCT's, one from Spain [43] and another 
China [26], found clear statistically significant 
differences in T2D remission rates and/or weight 
loss. At 1-year follow-up, Casajoana et al. found 
superior outcomes with RYGB with higher T2D 
remission rate (RYGB 12/15 80%, 8/14 53.3%, 
p < 0.001) and % total body weight loss (RYGB 
35.3, SG 27.2, p < 0.001) compared to SG [43]. 
In another RCT, Zhang et  al. found higher % 
excess weight loss following RYGB than SG 
(76.2 vs 63.2, p  =  0.02) at 5  years; however, 
remission rates of T2D were similar between 
groups (RYGB 7/8, 87.5%, vs SG 8/9, 88.9%) 
[26].

Three recent RCTs, one from the USA [8] and 
two from Europe [95, 96], reported 5-year out-
comes. They observed that RYGB and SG had 
equivalent effects on weight loss and glycemic 
control. Interestingly, these authors and others 
reported weight loss [92, 94–96] and T2D remis-
sion rates [8, 95, 96] that were higher in the 
RYGB group compared to SG but lacking statis-
tical significance. This could be partly attributed 
to the small sample size in these studies, inclu-
sion and exclusion criteria, patient population, 
and associated diseases, compared to large cohort 
studies that found statistical significance even 
with smaller differences in percent of weight loss 
and remission rates between procedures [97, 98].

Although considered the gold standard for 
clinical research, bariatric surgery RCT’s have 
several limitations that, in many cases, preclude 
their ability to produce generalizable evidence. 
Patients in these trials may have clinical and 
demographic characteristics that differ from 
those in the routine practice of surgeons. Some of 
the factors to consider when interpreting the 
results of the RCTs comparing RYGB to SG are:

 1. Lack of diversity and inclusion of racial 
minorities.

 2. Different patient populations have different 
outcomes, LAGB in the USA vs Europe and 
Australia as an example [99, 100].

 3. Variation (and potential selectivity) in reported 
measures of weight loss and their interpreta-
tion [96].

 4. Differences between patients consenting to 
research and non-consenting [98].

 5. Power-effect/sample size especially for SG 
[101, 102].

 6. Inclusion of patients with BMI <35  kg/m2, 
who aren’t otherwise eligible for standard of 
care bariatric surgery [8, 91]

 7. Dropout, lost to follow-up, and crossover 
effects in relatively small sample sizes [102] 
and the use of intention-to-treat vs per- 
protocol analysis [8, 95, 96, 103, 104].

 8. The trial effect [105, 106].
 9. Lack of long-term outcomes (more than 

5 years) after SG [102, 107].

In a meta-analysis of midterm and long-term 
comparative studies of RYGB and SG (with at 
least 3 years of follow-up), Shoar et al. found that 
despite the insignificant difference between the 
two bariatric techniques in midterm weight loss, 
RYGB produced better weight loss in the long- 
term but similar rates of T2D remission [107]. 
This meta-analysis, however, included both ran-
domized and observational studies, only two of 
which reported long-term T2D remission rates 
(one observational study from Venezuela [108] 
with very small sample size and the RCT from 
China by Zhang et al. [26]).

Another meta-analysis analyzing predictors of 
T2D remission after bariatric surgery found that 
among the four main subgroups of surgical treat-
ments (RYGB, LAGB, SG, and BPD with 567, 
2,377, 601, and 622 total patients, respectively), 
SG had the lowest remission rate (60%) which 
was similar to gastric banding (62%) but lower 
than remission rates associated with RYGB 
(71%) and biliopancreatic diversion (89%) [25].
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 Gastric Bypass vs Biliopancreatic 
Diversion (Duodenal Switch)

Biliopancreatic diversion (BPD) with or without 
duodenal switch (BPD/DS) comprises less than 
1% of all bariatric surgeries performed in the 
USA [11]. It produces profound weight loss and 
metabolic effects due to its malabsorptive nature. 
It’s associated with higher perioperative compli-
cations and risk of severe nutritional deficiencies 
compared with RYGB [109–111].

Nevertheless, BPD is associated with better 
weight loss  and comorbidity outcomes, espe-
cially among the super-obese (BMI > 50 kg/m2) 
[109]. Results from a RCT [30] comparing 
patients with T2D after RYGB (n = 19) vs BPD 
(n = 19) confirmed the findings of previous large 
retrospective cohort studies [109] and showed 
that patients treated with BPD had significantly 
better weight loss and higher rate of initial remis-
sion at 2 years (95% vs 75%) with a lower risk of 
relapse at 5 years (37% vs 53%) which resulted 
in a durable remission rate of 63% compared to 
37% after RYGB [30]. On the other hand, another 
RCT by Risstad et al. comparing the outcomes of 
RYGB vs BPD/DS in super-obese patients 
(BMI = 50–60 kg/m2) found similar rates of dia-
betes remission at 5 years (RYGB 80%, BPD/DS 
100%) and argued that RYGB provided excellent 
glycemic control and metabolic outcomes, with 
fewer complications and nutritional deficiencies 
and a better quality of life than BPD/DS. However, 
this trial was limited by a small number of 
patients with T2D in each group (RYGB 5/31, 
BPD/DS 6/29) [112].

Hedberg et  al. studied patients with a  mean 
BMI of 55 (all > 48) kg/m2 who were randomized 
to undergo either RYGB (n  =  23) or BPD/DS 
(n = 24) with only one patient in the RYGB group 
(4%) and seven in the BPD/DS (29%) suffering 
from T2D.  And although the authors did not 
report diabetes remission outcomes in this small 
subset of patients, they did find lower glucose 
and HbA1c levels at 3 years after BPD/DS com-
pared with RYGB [113], a finding also observed 
in the RCT by Mingrone et  al. that included 
patients with lower preoperative BMI (mean 

BMI  =  45  kg/m2), all of which had T2D [30]. 
Findings of the three RCT’s are summarized in 
Table 46.6.

Based on these results, it is recommended that 
BPD/DS should be utilized only in a select 
patient  population due to the  increased risk of 
perioperative and nutritional complications. 
Some centers currently offer this procedure for 
super-obese patients as a second part of a two- 
step approach following sleeve gastrectomy in 
those with good compliance to postoperative 
regimens but suboptimal weight loss and glyce-
mic control [30, 114, 115].

 Gastric Bypass vs Laparoscopic 
Adjustable Gastric Banding

Laparoscopic adjustable gastric banding (LAGB) 
is a restrictive bariatric procedure that has been 
associated to poor long-term weight loss outcomes 
and high reoperation and failure rates in the USA 
[99]. However, many surgeons continue to offer it 
for the treatment of severe obesity with an esti-
mated 6,316 new LAGBs implanted in 2017 [11]. 
Only two RCT’s have studied the outcomes of 
RYGB in comparison to LAGB (Table 46.7). They 
show inferior short-term [116] and long-term 
[117] weight loss and T2D remission outcomes 
after LAGB compared to RYGB. Courcoulas et al. 
compared 41 patients with T2D who were ran-
domized to undergo either RYGB (n  =  20) or 
LAGB (n = 21) and found that complete remission 
at 3 years was achieved in only 5% after LAGB 
(29% partial remission) compared to 15% after 
RYGB (40% partial remission) [116].

A recent study with 10  years of follow-up 
showed that improvement or remission of T2D 
occurred in 50% following LAGB compared to 
86% following RYGB based on the reduction of 
the dose or number of diabetic medications [117]. 
In these two RTC's, % weight loss was superior 
after RYGB (25–33%) compared to LAGB (15–
21%) [116, 117]. LAGB is not an effective proce-
dure for the glycemic control in patients with 
severe obesity and T2D, and its utilization should 
be discouraged.
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 Mechanisms of Glycemic Control 
Following Gastric Bypass

Table 46.8 summarizes the signaling changes of 
weight loss-dependent and weight loss- 
independent mechanisms involved in glycemic 
control after RYGB.

 Weight-Dependent Mechanisms 
of Glycemic Control After Gastric 
Bypass

Given the central role of excess adiposity in the 
pathogenesis of insulin resistance, nonalcoholic 
fatty liver disease (NAFLD), and hyperglycemia, 
reducing body weight through fat mass loss is a 
primary goal in co-managing severe obesity and 
T2D. Even modest weight loss (5–10% of the ini-
tial body mass) with diet, physical activity, and/
or pharmacologic therapies can significantly 
improve glycemic control and insulin sensitivity. 
However, the absolute amount of weight 

 reduction needed to meet these minimal thresh-
olds makes attainment of such goals difficult in 
patients with severe obesity, and clinical improve-
ments wane as weight is generally regained over 
time. On the other hand, RYGB is one of the most 
efficacious current treatment options for T2D in 
individuals with severe obesity and results in at 
least partial long-term T2D remission in most 
patients. When compared to even the most inten-
sive combinations of lifestyle and medical T2D 
treatment strategies, RYGB remains superior 
with regard to both weight loss and T2D-related 
outcomes.

Importantly, RYGB can begin to reverse these 
pathophysiologic changes within the first postop-
erative week, likely due to caloric restriction and 
short-term changes in liver fat, glucose, and lipid 
storage, while subsequent substantial and durable 
reductions in fat mass continue to drive long- 
term remission of T2D in approximately 50% of 
patients. Indeed, greater postoperative weight 
loss coincides with up to fivefold higher rates of 
T2D remission following RYGB compared to 

Table 46.8 Signaling changes involved in glycemic control after gastric bypass (RYGB)

Signaling Molecule Source Function Change after RYGB
Insulin Pancreatic β-cells ↑ Glucose uptake and storage

↑ Adipose tissue triglyceride 
storage
↓ Adipose tissue lipolysis

↑ Insulin secretion
↑ Hepatic insulin 
clearance
↓ Insulin resistance

Glucagon Pancreatic α-cells ↑ Endogenous glucose 
production
↑ Fatty acid oxidation in the 
liver, brown and white 
adipose tissue, and skeletal 
muscle

↑ In systemic and portal 
blood

Bile acids Liver ↑ Fatty acid oxidation in the 
liver, brown and white 
adipose tissue, and skeletal 
muscle
↑ Intestinal GLP-1 and 
FGF-19 secretion

↑ In systemic blood
↓ Hepatic reuptake

GLP-1
GIP
PYY
FGF-19

Intestine Insulin-sensitizing; support 
of appetite control↑ Hepatic 
and whole-body glucose and 
lipid metabolism regulation 
of BA's homeostasis

↑ In systemic, portal, and 
(perhaps) cerebral 
circulation

Adiponectin
Leptin

Adipose tissue Insulin sensitizer
Satiety factor

↑ In systemic circulation

GLP-1 glucagon-like peptide-1, GIP glucose-dependent inhibitory polypeptide, PYY peptide tyrosine-tyrosine, FGF-19 
fibroblast growth factor 19, BA's bile acids

46 Gastric Bypass for Type 2 Diabetes Mellitus on BMI >35
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nonsurgical treatment options or LAGB [118–
120], while suboptimal weight loss and weight 
regain are independent predictors of persistent 
T2D and T2D relapse in RYGB patients. 
Nevertheless, differences in body weight change 
alone cannot fully explain why some patients 
achieve sustained durable T2D remission after 
RYGB while others do not [120, 121].

Here, it is of interest to consider that weight 
loss parameters alone cannot provide informa-
tion regarding pre- to postoperative improve-
ments in body composition and do not account 
for baseline pancreatic β-cell function that is left 
over. Excess body weight in severe obesity is 
attributed to adipose tissue expansion with 
increased fat mass and, to a lesser extent, accre-
tion of non- adipose fat-free mass (primarily 
skeletal muscle). Similarly, weight loss follow-
ing RYGB is comprised mostly of fat mass, with 
decreased skeletal muscle mass accounting for 
15–20% of the total weight change 1 year after 
surgery [122]. Declines in skeletal muscle mass 
seem confined to the first 12 months following 
RYGB, while subsequent changes up to 5 years 
are minimal and reflect sarcopenic effects of 
aging as opposed to proteolytic effects of RYGB 
per se [122]. Since skeletal muscle is a far more 
important site for glucose disposal than adipose 
tissue, underlying changes in muscle mass after 
RYGB could further influence glycemic control 
beyond reductions in body weight or 
BMI.  However, this seems inconsistent with 
reports that patients with severe obesity and 
either normal glucose tolerance or T2D demon-
strate similar skeletal muscle glucose uptake and 
insulin signaling (as evidenced by gene expres-
sion of the insulin receptor β and GLUT4 glu-
cose transporter expression) [123, 124]. 
Furthermore, it is unlikely that the low variabil-
ity in skeletal muscle mass between the first and 
fifth postoperative years can explain why a sig-
nificant proportion of patients will experience 
new-onset T2D remission and/or relapse of T2D 
in parallel with divergent weight loss trajectories 
over this same time period [28, 32].

Rather, the association between successful 
weight loss and T2D outcomes following RYGB 
reflects the powerful insulin-sensitizing and 

antidiabetic effect of decreased adiposity. 
Indeed, reductions in total adiposity correlate 
strongly with improved whole-body insulin sen-
sitivity 1  year after RYGB in a cohort of 30 
patients with severe obesity and T2D [125], and 
improvement in peripheral glucose uptake after 
RYGB was observed only after substantial 
weight loss has occurred and correlated with the 
magnitude of weight lost in subjects with severe 
obesity and insulin resistance [126]. It should be 
noted that T2D has also been linked to a dispro-
portionate increase in visceral adipose tissue 
and impaired visceral depot insulin-stimulated 
glucose uptake in patients with severe obesity 
[127, 128], while a lower ratio of more meta-
bolically harmful visceral relative to subcutane-
ous adipose tissue is a positive predictor of T2D 
remission after RYGB [129].

However, evidence from a recent meta- 
analysis that relative reductions in visceral adi-
posity are more pronounced than in subcutaneous 
depots following both surgical and nonsurgical 
weight loss [130] exclude a role for preferential 
targeting of visceral fat in superior T2D remis-
sion rates with RYGB relative to conventional 
treatment options. It follows that, in addition to 
the strong association between postoperative 
weight loss and glycemic outcomes, additional 
factors other than changes in body weight and 
adiposity also contribute to the pathogenesis of 
T2D in severe obesity and its reversal after 
RYGB.

 Weight-Independent Mechanisms 
of Glycemic Control After Gastric 
Bypass

The shared pathophysiology of severe obesity 
and T2D is characterized by multiple disruptions 
to an adipose tissue-liver-gut-brain axis, the latter 
of which is made intact following successful 
weight loss with RYGB [131]. Findings from 
studies in both rodent surgical models and in 
human patients have shown that RYGB induces a 
cascade of alterations in neuroendocrine and gut 
hormone signaling that are not conserved with 
nonsurgical dieting [132, 133]. The latter effects 

J. Khoraki et al.



445

of surgery are presumed to further support resto-
ration of insulin sensitivity and glycemic control, 
independently of weight loss.

Reversal of T2D may begin in the early post-
operative period. In a study of nine patients with 
severe obesity (five with T2D), RYGB signifi-
cantly reduced both homeostasis model of insulin 
resistance (HOMA-IR) and fasting insulin con-
centrations within just 1 week after surgery [134]. 
However changes in HOMA-IR are indeed 
expected in any subject with minimal changes in 
body weight and to insulin-sensitizing effects of 
severe caloric restriction. Matched caloric restric-
tion through nonsurgical dieting also reduces 
HOMA-IR and fasting insulin concentrations, 
and suppresses hepatic glucose production simi-
larly to RYGB [126] but cannot recapitulate the 
post-surgery increases in postprandial secretion 
of GLP-1 and glucose-dependent inhibitory poly-
peptide (GIP), both of which promote β-cell insu-
lin secretion [126, 134]. Indeed, administration 
of the competitive GLP-1 antagonist exen-
din-(9-39) to RYGB patients 4 weeks after sur-
gery effectively eliminated the stimulatory effect 
of increased GLP-1 concentrations on 
 glucose- induced β-cell insulin secretion [135]. It 
is of interest to point out that postprandial GLP-1 
but not GIP concentrations continue to increase 
throughout the first 6 months after RYGB [126].

Along with the rerouting of gastrointestinal 
macronutrient flow, RYGB promotes antidia-
betic gut hormone signaling changes by modu-
lating metabolism and enterohepatic transport of 
bile acids (BA's). Here, it is of interest to point 
out that RYGB-induced alterations in the size 
and/or composition of the circulating BA pool 
are not conserved with nonsurgical weight loss 
or LAGB [136, 137]. In addition to supporting 
digestion and absorption of lipophilic nutrients, 
BA's stimulate enterocyte release of GLP-1, as 
well as peptide tyrosine-tyrosine (PYY), by acti-
vating the G protein-coupled BA receptor 
(GPBAR1) on enteroendocrine L-cells [138, 
139]. In contrast to GPBAR1, mRNA, and pro-
tein expression of the other major BA targets, the 
nuclear farnesoid x receptor (FXR) is downregu-
lated in ileal enterocytes after RYGB [138]. This 
is consistent with reports that experimental 

 inhibition of intestinal FXR reversed insulin 
resistance and glucose intolerance in mice. On 
the other hand, the limited available evidence in 
humans suggests that FXR and another member 
of the nuclear receptor superfamily, lower 
hepatic FXR, expression at the time of surgery 
correlates positively with postoperative T2D 
remission [140]. Although the exact mechanisms 
linking altered BA metabolism and signaling 
through GPBAR1 and/or FXR to T2D remission 
are incompletely understood, results from an 
RYGB minipig model suggest that hepatic reup-
take of BA's returning from the portal vein is 
inhibited in favor of elevated systemic BA con-
centrations after RYGB [141].
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 Obesity and Diabetes

Morbid obesity has been defined by the National 
Institutes of Health (NIH) as a body mass index 
(BMI, the weight in kilograms divided by the 

square of the height in meters) of 40  kg/m2 or 
more or 35 kg/m2 or more in the presence of obe-
sity comorbidities. Buchwald study clearly dem-
onstrated that bariatric surgery can cause 
resolution of the clinical manifestations of type 2 
diabetes, as well as improvement, and that this 
resolution is verified by serum insulin levels. 
This study also showed that the resolution or 
improvement in type 2 diabetes is related to the 
weight loss achieved by morbidly obese diabetic 
patients. There are, however, data that do not 
allow the assumption of an absolute cause-and- 
effect relationship between body weight and type 
2 diabetes.

The simplest contradictory evidence is that 
10% of type 2 diabetic patients are thin and that 
approximately three quarters of the morbidly 
obese are not diabetic [1].

The prevalence of obesity-induced type 2 dia-
betes mellitus is increasing worldwide [1].

T2DM was defined based on the American 
Diabetes Association (ADA) criteria: [1] fasting 
glucose ≥126  mg/dL or [2] glucose ≥200 at 
120 minutes after 75 g oral glucose load or [3] 
HbA1c ≥ 6.5%. Diabetes remission was defined 
as no longer meeting the ADA criteria for T2DM, 
without the use of diabetes medications [2].

The primary risk factor for type 2 diabetes is 
obesity, and 90% of all patients with type 2 dia-
betes are overweight or obese [1].

Type 2 diabetes mellitus (DM) and obesity are 
chronic diseases that often coexist. Combined, they 
account for tremendous morbidity and mortality. 
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Approximately 85% of all patients with type 2 
DM have a body mass index (BMI) categorizing 
them as overweight (BMI 25.0–29.9  kg/m2) or 
obese (BMI > 30.0 kg/m2). Obesity is strongly 
associated with diabetes and is a major cause of 
insulin resistance that leads to the cascade of 
hyperglycemia, glucotoxicity, and  beta- cell fail-
ure, which ultimately leads to the development 
of microvascular (neuropathy, nephropathy, ret-
inopathy) and macrovascular (myocardial 
infarction, stroke) complications. Treatment 
guidelines emphasize that both diabetes and 
obesity should be treated to optimize long-term 
outcomes [3].

The National Health and Nutrition Examination 
Survey III (1988–1994) data showed that the risk 
for chemical diabetes is approximately 50% at a 
BMI of 30 kg/m2 or more and more than 90% at a 
BMI of 40 kg/m2 or more.

Virtually all morbidly obese adults have a 
measurably impaired glucose tolerance; 36% of 
individuals with impaired glucose tolerance will 
progress to type 2 diabetes within 10 years [1].

 Bariatric/Metabolic Surgery

A study using data from the National Health and 
Nutrition Examination Survey (N  =  4926) to 
evaluate success rates of lifestyle management 
plus drug therapy found that just 53% of patients 
with type 2 DM maintained a hemoglobin A1c 
(HbA1c) below 7%. For patients with obesity and 
type 2 DM in whom lifestyle management and 
medications do not achieve desired treatment 
goals, bariatric surgery has emerged as the most 
effective treatment for attaining significant and 
durable weight loss. Research has shown that 
these effects are not only secondary to weight 
loss but also depend on neuroendocrine mecha-
nisms secondary to changes in GI physiology [3].

Metabolic surgery is the only diabetes treat-
ment proven to result in long-term remission in 
23–60% of patients depending upon preoperative 
duration of diabetes and disease severity. The 
most common procedures are sleeve gastrectomy 
(SG, 49%), Roux-en-Y gastric bypass (RYGB, 
43%), laparoscopic adjustable gastric banding 

(LAGB, 6%), and biliopancreatic diversion with 
duodenal switch (BPD-DS, 2%) [3].

Meta-analysis of weight loss overall was 
38.5  kg or 55.9% excess body weight loss. 
Overall, 78.1% of diabetic patients had complete 
resolution, and diabetes was improved or resolved 
in 86.6% of patients [1].

Insulin levels declined significantly postoper-
atively, as did hemoglobin A1c and fasting glu-
cose values. Weight and diabetes parameters 
showed little difference at less than 2 years and at 
2 years or more. The clinical and laboratory man-
ifestations of type 2 diabetes are resolved or 
improved in the greater majority of patients after 
bariatric surgery; these responses are more pro-
nounced in procedures associated with a greater 
percentage of excess body weight loss and is 
maintained for 2 years or more [1].

Some bariatric procedures improve glycemic 
control in people with diabetes beyond that 
expected for weight loss, and understanding this 
additional effect could provide insights into the 
pathogenesis of type 2 diabetes and assist in the 
development of new procedures, devices, and 
drugs both for obese and nonobese patients [4].

 Bariatric/Metabolic Surgery Effects

Bariatric surgery has been shown to have profound 
glucoregulatory effects. These include rapid 
improvement in hyperglycemia and reduction in 
exogenous insulin requirements that occur early 
after surgery and before the patient has any signifi-
cant weight loss. Although the exact molecular 
mechanisms underlying the effects of metabolic 
surgery on diabetes are not fully understood, many 
factors appear to play a role, including changes in 
bile acid metabolism, GI tract nutrient sensing, glu-
cose utilization, insulin resistance, and intestinal 
microbiomes. These changes, acting through 
peripheral or central pathways, or perhaps both, 
lead to reduced hepatic glucose production, 
increased tissue glucose uptake, improved insulin 
sensitivity, and enhanced beta-cell function [3].

The term metabolic surgery describes bariatric 
surgical procedures used primarily to treat type 2 
diabetes and related metabolic conditions [3].
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Metabolic surgery is more effective than life-
style or medical management in achieving glyce-
mic control, sustained weight loss, and reducing 
diabetes comorbidities. Perioperative adverse 
events are similar to other gastrointestinal surger-
ies. New guidelines for type 2 diabetes expand 
use of metabolic surgery to patients with a lower 
body mass index [3].

Randomized clinical trials have shown that 
metabolic surgery is statistically superior to medi-
cal treatment in achieving targeted glycemic lev-
els along with improvements in weight loss, 
remission of metabolic syndrome, reduction in 
medications, and improvements in lipid levels [3].

 Metabolic Surgical Procedures

Weight loss and diabetes resolution were greatest 
for patients undergoing biliopancreatic diversion/
duodenal switch, followed by gastric bypass, and 
least for banding procedures [1].

Dixon et al., on randomized trial, demonstrate 
that weight loss associated with adjustable gastric 
banding results in diabetes remission in the major-
ity of obese participants recently diagnosed as 
having diabetes and was associated with greater 
improvements in features of the metabolic syn-
drome and use of related medications [5].

Ding compared laparoscopic adjustable gas-
tric band (LAGB) to an intensive medical diabe-
tes and weight management (IMWM) program 
for T2D. This was designed as a prospective, ran-
domized clinical trial. LAGB and a multidisci-
plinary IMWM program have similar 1-year 
benefits on diabetes control, cardiometabolic 
risk, and patient satisfaction, which should be 
considered in the context of other factors, such as 
personal preference, when selecting treatment 
options with obese T2D patients [6].

Mingrone randomly assigned 60 patients 
(BMI 35 or more) to receive either medical treat-
ment (n  =  20) or surgery by gastric bypass 
(n = 20) or biliopancreatic diversion (n = 20); 53 
(88%) patients completed 5  years’ follow-up. 
Overall, 19 (50%) of the 38 surgical patients (7 
[37%] of 19 in the gastric bypass group and 12 
[63%] of 19  in the biliopancreatic diversion 

group) maintained diabetes remission at 5 years, 
compared with none of the 15 medically treated 
patients [7].

 Patients with BMI < 35

There are few studies comparing surgery to med-
ical weight management (MWM) for patients 
with T2DM and BMI < 35. Up to 78% of patients 
with type 2 diabetes mellitus (T2DM) may expe-
rience diabetes remission within 2 years after 
bariatric surgery. Currently, only patients with 
T2DM and body mass index (BMI) above 35 kg/
m2 are eligible for bariatric surgery. This is based 
on the 1991 National Institutes of Health (NIH) 
Guidelines and has been endorsed by the Center 
for Medicare and Medicaid Services. Patients 
with T2DM and BMI < 35 are primarily offered 
intensive medical weight management (MWM), 
including pharmacotherapy and nonsurgical 
weight loss strategies. Millions of patients with 
T2DM have BMI < 35—yet metabolic surgery is 
not an option for them. There is emerging evi-
dence supporting the use of bariatric surgery to 
treat diabetes in less obese (BMI < 35) patients. 
However, there are very few randomized trials. 
The Agency for Healthcare Research and Quality 
(AHRQ) recently identified this area as a research 
priority for comparative effectiveness research. 
The NIH is unlikely to change the bariatric sur-
gery guidelines for patients with T2DM without 
additional evidence to support such a change [2].

A meta-analysis of 19 mostly observational 
studies (N  =  4070 patients) reported an overall 
type 2 DM remission rate of 78% after bariatric 
surgery with 1–3 years of follow-up. Resolution 
or remission was typically defined as becoming 
“nondiabetic” with normal HbA1c without medi-
cations. RCTs showed that the surgical proce-
dures, especially RYGB and SG, were equally 
effective in patients with BMI 30–35 kg/m2. This 
is particularly important given that most patients 
with type 2 DM have a BMI less than 35 kg/m2. 
The effect of surgery in these patients with mild 
obesity is also durable out to at least 5 years [3].

The assessed outcomes 5  years after 150 
patients who had type 2 diabetes and a body mass 
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index of 27–43 were randomly assigned to 
receive intensive medical therapy alone or inten-
sive medical therapy plus Roux-en-Y gastric 
bypass or sleeve gastrectomy [8].

At 5 years, changes from the baseline observed 
in the gastric bypass and sleeve gastrectomy 
groups were superior to the changes seen in the 
medical-therapy group with respect to body 
weight (−23%, −19%, and −5% in the gastric 
bypass, sleeve gastrectomy, and medical-therapy 
groups, respectively) [8].

Five-year outcome data showed that, among 
patients with type 2 diabetes and a BMI of 27–43, 
bariatric surgery plus intensive medical therapy 
was more effective than intensive medical ther-
apy alone in decreasing, or in some cases resolv-
ing, hyperglycemia [8].

The CROSSROADS randomized controlled 
trial compared RYGB vs an intensive lifestyle and 
medical intervention (ILMI) for type 2 diabetes, 
including among patients with a BMI <35 kg/m2. 
The primary outcome was diabetes remission at 
1  year (HbA1c <6.0% [<42.1  mmol/mol], off all 
diabetes medicines). Compared with the most rigor-
ous ILMI yet tested against surgery in a randomized 
trial, RYGB yielded greater type 2 diabetes remis-
sion in mild-to-moderate obese patients recruited 
from a well-informed, population- based sample [9].

Abbatini confirmed the efficacy of laparo-
scopic sleeve gastrectomy (LSG) in the treatment 
of nonmorbidly obese T2DM patients (BMI 
30–35 Kg/m2), with a remission rate of 88.8% 
without undesirable excessive weight loss [10].

The metabolic effects of laparoscopic sleeve 
gastrectomy (LSG) and laparoscopic Roux-en-Y 
gastric bypass (LRYGB) in type 2 diabetes (T2D) 
patients who do not meet the National Institutes 
of Health indications have not been well studied. 
No significant differences in mean percentage of 
excess weight loss and BMI were observed 
between the two groups at 2 years. At 3-year fol-
low- up, the LRYGB group had significantly 
higher percentage of excess weight loss and 
lower BMI.  The total (complete and partial) 
remission rate achieved with both bariatric proce-
dures was 75.9% at 1 year and 56.4% at 3 years. 
Both LSG and LRYGB are safe and effective bar-
iatric procedures for T2D in this Chinese popula-
tion with diabetes and BMI < 35 kg/m2 [11].

LRYGB resulted in significant clinical and 
biochemical improvements in nonobese Asian 
patients, with HOMA-%B indicating β-cell func-
tion as the main predictor of T2 DM remission. 
Appropriate patient selection with better β-cell 
function and evidence from long-term follow-up 
may justify this therapeutic approach [12].

Patients with type 2 diabetes (T2D) and body 
mass index (BMI)<35 may benefit from meta-
bolic surgery. The soluble form of the receptor 
for advanced glycation end products (sRAGE) 
may identify patients at greater chance for T2D 
remission. Metabolic surgery was effective in 
promoting remission of T2D in 63% of patients 
with BMI 30–35; higher baseline sRAGE pre-
dicted T2D remission with surgery [13].

 STAMPEDE

In the Surgical Treatment and Medications 
Potentially Eradicate Diabetes Efficiently 
(STAMPEDE) trial, both gastric bypass and 
sleeve gastrectomy were superior to intensive 
medical therapy alone in achieving excellent 
glycemic control (i.e., glycated hemoglobin A 
≤6.0%), reducing cardiovascular risk, improv-
ing quality of life, and decreasing medication 
use [8].

The reductions in glycated hemoglobin levels 
and BMI in the surgical groups were similar 
among patients with a BMI of less than 35 and 
those with a BMI of 35 or more [8].

The current 5-year follow-up of patients in 
STAMPEDE trial showed that the beneficial 
effects of bariatric surgery on glycemic control 
were durable, even among patients with mild 
obesity (BMI of 27–34), which led to a sustained 
reduction in the use of diabetes and cardiovascu-
lar medications [8].

 Second Diabetes Surgery Summit: 
DSS-II

Surgery was very effective short term in patients 
with T2DM and BMI 30–35. Baseline sRAGE 
may predict patients most likely to benefit from 
surgery [2].
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In 2015, the 2nd Diabetes Surgery Summit 
(DSS-II) Consensus Conference published guide-
lines that were endorsed by more than 50 diabetes 
and medical organizations. The consensus confer-
ence delegates concluded that there is sufficient 
evidence demonstrating that metabolic surgery 
achieves excellent glycemic control and reduces 
cardiovascular risk factors. According to the DSS-II 
guidelines, metabolic surgery should be recom-
mended to treat type 2 DM in patients with class III 
obesity (BMI ≥ 40 kg/m2) regardless of glycemic 
control and in those with class II obesity (BMI 
35.0–39.9  kg/m2) when hyperglycemia is inade-
quately controlled by lifestyle and optimal medical 
therapy. Surgery should also be considered for 
patients with type 2 DM and BMI 30.0–34.9 kg/m2 
if hyperglycemia is inadequately controlled despite 
optimal treatment with either oral or injectable 
medications. These BMI thresholds should be 
reduced by 2.5 kg/m2 for Asian patients. The 2017 
standards of care for diabetes from the American 
Diabetes Association include those key indications 
in the recommendations for metabolic surgery [3].

Recent evidence from multiple RCTs has pro-
vided level 1a evidence supporting metabolic sur-
gery as an effective treatment for type 2 DM. These 
studies have shown the superiority of surgery vs 
medical therapy in achieving excellent and dura-
ble glycemic control as well as benefits in the long 
term. Based on the published evidence, metabolic 
surgery is now endorsed as a standard treatment 
option, which provides patients and practitioners 
with a powerful tool to help combat the life-
impairing effects of type 2 DM [3].

Metabolic surgery is now recommended as stan-
dard treatment option for type 2 diabetes in patients 
with body mass index levels as low as 30 kg/m2 [3].

The safety of metabolic and bariatric surgery 
has significantly improved with the advent of 
laparoscopic surgery, resulting in complication 
profiles similar to those of cholecystectomy and 
appendectomy [3].

 Conclusion

Conventional treatments for patients with type 
2 diabetes are often inadequate. Ikramuddin 
et  al. report 2-year outcomes of a 5-year ran-

domized trial (the Diabetes Surgery Study). At 
the baseline, eligible participants had to have 
HbA1c of at least 8·0% (64  mmol/mol), BMI 
between 30·0 and 39·9 kg/m2, and type 2 diabe-
tes for at least 6 months and be aged 30–67 years. 
The addition of gastric bypass to lifestyle and 
medical management in patients with type 2 
diabetes improved diabetes control, but adverse 
events and nutritional deficiencies were more 
frequent [14].

The overall 30  days or less mortality for all 
bariatric surgery procedures was 0.28%, placing 
these procedures in the lowest category of opera-
tive mortality of operations performed in the 
United States [1].

No RCT was sufficiently powered to detect 
differences in macrovascular or microvascular 
complications or death. A study from the 
American College of Surgeons (> 65,000 
patients) showed that laparoscopic RYGB had 
perioperative morbidity and mortality rates of 
3.4% and 0.3%, respectively, similar to those for 
laparoscopic cholecystectomy (3.7% and 0.7%) 
and appendectomy (4.5% and 0.5%) [3].

Changes in body weight, lipid levels, and qual-
ity of life after surgery were superior to the changes 
observed after medical therapy alone. The poten-
tial benefits of bariatric surgery on clinical end 
points, such as myocardial infarction, stroke, renal 
failure, blindness, and death, as suggested in non-
randomized trials, can be adequately assessed only 
through larger, multicenter trials [8].
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Postoperative Care

Amador García Ruiz de Gordejuela and  
Jordi Pujol Gebelli

 Postoperative Management  
After Metabolic Surgery

The patient operated for metabolic surgery is 
quite different from the typical bariatric one. 
Patients are usually thinner, but they usually have 
diabetes, hypertension, and dyslipidemia. Their 
diabetes is usually not compensated, and they 
have some complications related to hyperglyce-
mia. Their main complication is not their over-
weight but its complex associated diseases [1].

Technically surgery might be more complex 
because intraabdominal fat is usually thicker, 
hemostasis is more difficult, and anesthetic care 
is also more complicated [2]. Despite this, the 
initial protocols for the postoperative time may 
be the same for a bariatric patient. We may apply 
some parts of the enhanced recovery protocols, 
but considering that the management of the asso-
ciated diseases is another issue that might retard 
the discharge.

The key points recommended after bariatric 
surgery are [3, 4]:

• Analgesia → Avoid opioid and primary use of 
multimodal analgesia with a combination of 
paracetamol and NSAIDs [3–5].

• Lung expansion protocols → Preoperative 
training for pulmonary physiotherapy is 

encouraged. Patients are required to follow 
this therapy as soon as they can after the effect 
of anesthesia ends. Patients with preoperative 
CPAP or BiPAP therapies are required to use 
them after surgery the same way they use 
them at home [6].

• Postoperative diet → Patients after RYGB 
should begin oral tolerance some hours after 
surgery if nausea and vomiting are well con-
trolled. Six hours after surgery, free fluids can 
be indicated. The patient has to be instructed 
about small but repetitive ingestions (20–
30 mL every 15–20 minutes) [5].

• Early ambulation → When there is an ade-
quate pain relief, patients may begin ambula-
tor 4–6 hours after surgery. This gesture will 
prevent deep venous thrombosis and will 
improve oral tolerance and respiratory func-
tion [3–5].

• Avoid any kind of tubes → Orogastric tubes or 
urinary catheters should be avoided at any 
time before and after surgery. They have not 
demonstrated any kind of improvement and 
are usually painful and badly tolerated, slow-
ing down patient recovery [5].

• Fluid management → Restrictive fluid man-
agement is highly recommended, as in colo-
proctology. These strategies have demonstrated 
improved pulmonary function during and after 
surgery and allow quicker recovery [5, 7].

• Thromboprophylaxis → Deep venous throm-
bosis and pulmonary embolism are the main 
medical complications after bariatric surgery. 
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They are not very common, but they are 
 preventable with adequate measures. 
Phamarcological prophylaxis with low molec-
ular weight or unfractionated heparins should 
be initiated 6–8  hours after surgery. 
Mechanical pumps for lower extremities 
should also be used from the surgery up to the 
beginning of ambulation. Early ambulation is 
also a key point for this prophylaxis [8].

 Postoperative ICU Admission

Patients after bariatric and metabolic surgery 
usually do not need to go to ICU. They only need 
monitorization for the first 24  hours. Even if 
they are high-risk patients, the ICU is only 
reserved for those with uncontrolled comorbidi-
ties, especially those with respiratory issues 
prior to surgery [9].

Some centers reserve ICU for patients with 
high-risk respiratory comorbidities as hypoventi-
lation, high-risk obstructive sleep apnea, or oth-
ers that are uncontrolled or poorly controlled [10, 
11]. In those cases, some respiratory interven-
tions should be done after surgery, and special 
monitoring may be required. Also patients with 
very high BMI or with difficult intubation due to 
oro-cervical anatomy may be good candidates.

Patients with cardiac comorbidities as low-left 
ventricle output, dilated myocardiopathy, or 
severe ischemic damage can be also candidates 
for ICU. In those cases, cardiac monitoring and 
some therapies may be needed [9, 11].

Finally, in patients with intraoperative unex-
pected complications for the surgeon or the anes-
thetist, it could be important to keep the patient 
under intensive care at least for some hours [12].

 Complementary Examinations After 
Surgery

Patients after bariatric and metabolic surgery do 
not usually require extensive examinations. The 
only recommended complementary examination 
is a blood test on the first 24 hours. This blood 
test is important to evaluate hemorrhage. It is also 

useful to check ions and metabolites in order to 
adjust fluids and other medications with the intro-
duction of the free fluid diet.

Some authors recommend to check C-reactive 
protein (CRP) as it may predict complications, 
especially leaks. There is a known correlation 
between CRP levels and morbidity, but the real 
correlation in the first postoperative hours is yet 
to be determined. Other authors examine the use 
of procalcitonin and other acute-phase reactants 
[13–15].

 Patient Comorbidity Management 
After Surgery

Patients with metabolic syndrome usually arrive 
to surgery with at least one of these comorbidi-
ties: type 2 diabetes, hypertension, dyslipidemia, 
and obstructive sleep apnea, among others. Here 
we are going to try to resume the recommenda-
tions for the management of each one after 
surgery.

 Type 2 Diabetes

Glucose homeostasis improves with weight loss, 
but in patients after Roux-en-Y gastric bypass, long 
time ago Rubino demonstrated that it will improve 
even before weight loss begins. Patients candidate 
for metabolic surgery usually have a poor control 
of the glycemia with high glycated hemoglobin. 
They usually have more than one medication, and 
some of them are under insulin [16, 17].

During surgery and in the early postoperative 
time, sliding scale of short-term insulin is 
required. Intensive glucose monitoring is highly 
recommended; in cases of poor control, intrave-
nous insulin perfusion might be required. Once 
oral tolerance is achieved, we may move to oral 
hypoglycemic agents. Metformin is one of the 
safest medications for the bariatric population. 
Sulfonylureas and mitiglinides should be discon-
tinued. In cases with poor glycemic control, one 
dose of night long-acting insulin or sliding scale 
of short-acting insulin can be recommended but 
with strictly glycemic monitoring [16].
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New drugs like GLP-1 analogs and DPP-IV 
inhibitors may also be used after surgery, but they 
are quite expensive medications and may be 
reserved for difficult cases.

 Hypertension

Hypertension is not only related to obesity, and 
its improvement is not as fast as the glucose 
homeostasis after surgery. Preoperative diet and 
the effect of the surgery and other medications 
may modify blood pressure during the early post-
operative period, but this does not mean that all 
the medications should be discontinued [16].

Patients are recommended to reduce their 
usual dosing of medications, especially with dose 
with better control before surgery. Daily monitor-
ing and early checkup with a cardiologist are 
highly recommended after surgery.

 Dyslipidemia

Hypertriglyceridemia and hypercholesterolemia 
improve after bariatric and metabolic surgery- 
related weight loss. There is no consensus about 
resuming or not preoperative medications. Some 
of these patients usually had had previous cardio-
vascular events, so these medications are also 
useful to reduce cardiovascular risk [18].

These medications should not be ruled out ini-
tially. Later on, depending on the weight loss 
results and the evolution of the blood test, this 
premise can be reconsidered.

 Obstructive Sleep Apnea

This condition is quite common among the bar-
iatric population. Patients usually have CPAP or 
BiPAP therapies. It is strongly recommended to 
continue the therapy as soon as it is necessary. 
Patients are encouraged to take their air pumps to 
the hospital and use them the same way they use 
them at home [6]. Some surgeons and anesthe-
tists are afraid about the risk of the air pressure 
swallowed at the pouch of the anastomosis. Until 

now there is no paper that demonstrates the 
increased risk of leak related to the use of these 
devices. Despite this, the pulmonary function 
improves significantly, and the risk of atelectasia 
and respiratory failure is reduced.

 Other Considerations

After bariatric and metabolic surgery, patients are 
encouraged to have an active way of life, to go 
walking, to do some exercise, and to improve 
their physical condition. These activities should 
be initiated as soon as they can. After surgery and 
after discharge, patients are recommended to 
walk daily for at least 20–30 minutes. It is also 
important to join in physical activity with moder-
ate to high intensity [19].

Other medications that should be used at the 
postoperative time are proton pump inhibitors. 
They are recommended for at least the first post-
operative month; some centers recommend it for 
3 months, especially if a sleeve gastrectomy has 
been performed. Nausea and vomiting prophy-
laxis for the first postoperative days is mandatory. 
Metoclopramide and ondansetron are the most 
commonly used drugs [16].

Metabolic deficiency prophylaxis should be 
initiated as soon as possible. After RYGB the 
most common deficiencies are iron, calcium, and 
vitamin D. B family vitamins are also important, 
especially in patients with increased nausea and 
vomiting. Some patients will need parenteral B12 
supplementation but usually some months later. 
Multivitamin prescriptions plus calcium and vita-
min D supplementation are the most common 
recommendations after RYGB.  Other deficien-
cies will be checked during the follow-up rou-
tinary blood tests [20, 21].

 Patient Discharge

The discharge of the patient can be prepared for 
the first to the third postoperative day depending 
on the recovery after the surgery. Usually the 
most limiting factor will be the control of the 
comorbidities, especially the glycemic control. 
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Oral tolerance is usually achieved at the first 
postoperative day.

Prior to sending the patient home, it is manda-
tory to check that there are no complications. 
One easy sign to check is tachycardia. It is a clas-
sical lesson that no patient with non-explained 
tachycardia should be discharged. Patients should 
also be informed about how to take the pulse and 
to look for a consultation in case of tachycardia.

Patients should go home with a complete 
information about the procedure that has been 
performed, the diet recommended, and the pos-
sible complications. Health and sanitary educa-
tion from the surgeon and the allied health 
professionals will improve the results and will 
avoid unnecessary consultations [22].
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Mini Gastric Bypass: Why It Is 
Better than Gastric Bypass in India
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Mini gastric bypass is also known as single anas-
tomosis gastric bypass. The procedure incorpo-
rates a long gastric tube of size 15–18 cm with a 
loop gastroenterostomy of size 4.5 cm. Essentially 
the procedure involves nonrestricted malabsorp-
tion. The limb lengths of biliopancreatic limb 
vary in different studies and centres. Most studies 
published have mentioned different limb lengths 
ranging from 150 cm to 300 cm [1].

 Advantages of Mini Gastric Bypass

Mini gastric bypass is regarded as a safe, simple, 
reversible procedure. There is only one anasto-
mosis and no mesenteric defect. It has shorter 
operative time. The procedure is safe and simple 
as the anastomosis is low lying and there is less 
tension on the anastomosis. In a gastric bypass, it 
is known that the anastomoses are close to the 
gastroesophageal junction and are in more ten-
sion than mini gastric bypass [2].

 Cons of Mini Gastric Bypass

There are concerns about a higher incidence of 
marginal ulcers, bile reflux, malignancies in 
long-term and excessive weight loss with protein- 
energy malnutrition of mini gastric bypass [3].

 Reasons for Preference of Mini 
Gastric Bypass in India

The major reasons for preference of mini gastric 
bypass in India are as follows:

 1. Dietary habits: Most Indians are vegetarians, 
and the diet consumed by most is full with 
carbohydrates and fats. This puts Indian sub-
set of patients to do bulk eating and consum-
ing huge quantity of fat. The protein in the diet 
is in very less proportion as compared to car-
bohydrates/fats. Mini gastric bypass having a 
wide anastomosis with propensity to cause fat 
malabsorption makes it a more durable and 
useful procedure for Indian patients.

 2. Severe type 2 diabetes: India is now the world 
capital of diabetes. We have the highest num-
ber of individuals with type 2 diabetes across 
the world. The patients get diabetes at a lower 
BMI as compared to their Caucasian counter-
parts. The severity of diabetes is also high. 
The mini gastric bypass procedure is suitable 
as it has a long biliopancreatic limb which is 
more suitable for diabetics. The metabolic 
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effects of a procedure in treatment of type 2 
diabetes is dependent on BP limb.

 3. Technical ease: Most surgeons in India are on 
the learning curve for bariatric, metabolic sur-
gery. The country started with gastric banding 
in 2002 which later became unpopular due to 
weight regain and lack of compliance from 
patients. Then came the era of gastric bypass. 
Gastric bypass was a popular procedure in the 
country due to the strong metabolic effect until 
the advent of mini gastric bypass. The Roux-
en-Y gastric bypass had many disadvantages. It 
was marred by excessive steep learning curve, 
two mesenteric defects and difficult anastomo-
ses close to the gastroesophageal junction.

In 2010, mini gastric bypass was introduced 
in India by Bhandari and Kular et al. The proce-
dure had a long gastric tube that is easy to con-
struct with a wide anastomosis. The proponents 
mentioned that there is no need to close internal 
hernia defects in mini gastric bypass as it did not 
have one and the reported incidence of Peterson’s 
space hernia is very less. The anastomosis was 
simple to construct as it was close to the trans-
verse colon. The procedure had some distinct 
advantages as it was safe, simple and effective. 
Now it has become the second most commonly 
performed procedure in the country [4].

 4. Better GQLI scoring: Most studies conducted 
comparing sleeve, gastric bypass and mini 
gastric bypass mention better GQLI scoring 
with a mini bypass. The patients can eat with 
more ease, need not chew that much before 
they gulp the food and had forced compliance 
due to dumping effect forcing the patient to a 
Mediterranean diet.

In India more than 10,000 mini gastric 
bypasses have been performed till date, and 
the results are better or equivalent to sleeve 
and gastric bypass. The reported incidence of 
resolution of type 2 diabetes is better with 
mini bypass due to a long BP limb.

 Technique

 1. Patient position:
• Patient is placed in supine position. The 

reverse Trendelenburg position is used as 
per requirement during the procedure.

 2. Ports:
• Surgery is performed through six ports.
• 10  mm midline port is placed approxi-

mately 15–18 cm below the xyphisternum 
(Camera port).

• 12  mm port in between the right midcla-
vicular and anterior axillary line, 6  cm 
above the level of midline port (right-hand 
working port).

• 12 mm port in the left midclavicular line, at 
the level of midline port (for assistant).

• 5 mm port 4–5 cm below the left subcostal 
region in between the left midclavicular 
and anterior axillary line.

• 5 mm port 4 cm below the right subcostal 
region in between the right midclavicular 
and anterior axillary line.

• 5  mm port in epigastric region for liver 
retraction.

 3. Lesser omentum is dissected distal to the 
crow’s foot (the junction between the antrum 
and body) near to lesser curvature of the stom-
ach, creating a window for firing of the first 
staple.

 4. The first staple (gold) is fired from the right- 
hand working port horizontally from the win-
dow created.

 5. Further staples (blue) are fired cephalad 
towards the GE angle guided over 36 Fr bou-
gie. Last staple is fired 1  cm away from GE 
angle. A gastric pouch of approximately 15 cm 
long and 3 cm wide is made, and gastrostomy 
is made with harmonic scalpel (Fig. 49.1).

Fig. 49.1 Creating long pouch
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 6. The omentum and transverse colon is retracted 
upwards and laterally to expose the ligament 
of Treitz. 180 cm of small bowel is measured 
for bypass.

 7. Harmonic scalpel is used to create 
jejunostomy.

 8. 3–4 cm stapled anastomosis is done with blue 
staple, and enterotomies are closed handsewn 
(Fig. 49.2).

 9. No abdominal drains or Ryle’s tube is used 
routinely.

 Results/Complications

At our centre we did 3599 MGB from a total of 
9445 bariatric procedures performed till date. 
We choose operation based on our algorithm. We 
perform MGB in patients with BMI greater than 
40 and diabetic and have no GERD and hiatus 
hernia and are willing to come for regular fol-
low- up. On the 6-year follow-up of our patients 
with follow-up rate of 72.7%, they had a %TWL 
and %EWL of 36.57% and 79.4%, respectively, 
with the lowest weight attained at 4 years. When 
compared to a study conducted by Kular and 
Rutledge, they had a 6-year weight loss post-
MGB of 84%, whereas 7-year study of MGB had 
a 90% EWL. At 6 years diabetic resolution was 
seen in 86%, and resolution of hypertension was 
seen in 85%. Diabetes and hypertensive resolu-
tion of study conducted by Jammu was 95% and 

85%, respectively, and 98% and 82%, respec-
tively, in Kular’s study. Early postoperative com-
plications include staple line leak in one patient 
and staple line bleed in two patients of which 
one patient was managed conservatively with 
blood transfusion and one required exploration 
and staple suturing of pouch and remnant. 
Marginal ulcers were seen in four patients in 
which post-op endoscopy was done only in 
symptomatic patients. Reversal was done in one 
patient for recalcitrant marginal ulcer and in one 
patient for PCM [4, 5].

The incidence of nutrient, haemoglobin, albu-
min and protein deficiencies is higher at all times 
of follow-up; they are prone to iron and B12 defi-
ciency because of the bypass of the duodenojeju-
nal axis. In the incidence of anaemia, Hg < 11gm/
dl was 12% in the OAGB at 6 years. Similar 
results have been reported by others after these 
operations [5–9]. Also, the incidence of hypoal-
buminemia and hypoproteinaemia is significantly 
higher after OAGB/MGB. This is an issue of con-
cern after OAGB/MGB, since in a subset of 
patients, the protein-caloric malnutrition becomes 
intractable, resulting in liver failure and need for 
surgical re-intervention and in some cases 
resulted in mortality [10, 11]. No patient in this 
series developed liver failure; however, two 
patients in the OAGB/MGB group had reopera-
tions: one, a reversal because of excessive weight 
loss and hypoalbuminemia associated with an 
intractable marginal ulcer, and another, a revision 
operation because of hypoalbuminemia. Many 
needed intense nutritional support and counsel-
ling to control the mild cases of nutrient and 
protein- calorie malnutrition (PCM). The concern 
about PCM has made us and many other surgeons 
that perform the OAGB/MGB to modify the 
 biliopancreatic limb length to 200  cm or less 
[12]. Patients with morbid obesity have lower 
QOL scores, and bariatric surgery improves QOL 
[13]. But new complaints like abdominal pain, 
nausea, vomiting, malodorous flatus, increased 
frequency of stools, etc. have been consistently 
reported by surgeons who perform either the 
MGB or OAGB [6, 14].

Obesity, particularly severe obesity, is such 
a burden to those afflicted that they are willing 

Fig. 49.2 Gastrojejunostomy
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to accept certain outcomes which we may con-
sider undesirable in exchange of the weight 
loss.
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Can Bariatric Surgery Improve 
the Microvascular Complications 
of Type 2 Diabetes?

Loai A. Shakerdi, Carel W. le Roux, 
and Neil G. Docherty

 Background

Obesity is now a critical global epidemic. In 2014, 
the WHO estimated that more than 1.9 billion 
adults were overweight and 600 million were 
obese. Overweight and obesity are affecting half of 
the population of most European countries. 
Overweight is defined as a BMI ≥ 25 kg/m2 and 
obesity as a BMI ≥ 30 kg/m2. Obesity increases the 
risk of type 2 diabetes mellitus (T2DM), and about 
90% of type 2 diabetes is attributable to excess 
weight [1]. The number of patients with diabetes is 
predicted to rise from 171 million in 2000 to 366 
million in 2030 [2], thus resulting in the prediction 
that diabetes will represent the seventh leading 
cause of death in 2030 [3]. The main characteristic 
of T2DM is an impaired β-cell sensitivity in tan-
dem with increased insulin resistance. Insulin 
hypersecretion characterises the disease; however, 
its kinetic is not synchronised so as to optimise 

postprandial glycaemia. Hence, despite hyperinsu-
linaemia patients with T2DM exhibit reduced glu-
cose tolerance and marked excursions in the 
postprandial period. Stimuli such as these are 
known to drive macrovascular and microvascular 
complications through the myriad pathways of glu-
cotoxicity described hereafter.

The cumulative duration of exposure to risk 
factors such as glucotoxicity likely drives the inci-
dence and progression of microvascular complica-
tions. Logic thus suggests that benefits in terms of 
end-organ damage should accrue following bariat-
ric surgery given its capacity to arrest the key risk 
factors for microvascular end- organ damage.

Weight loss achieved through bariatric surgery 
is associated with prevention of diabetes, and in 
patients with pre-existing type 2 diabetes, it is 
associated with short-term remission and signifi-
cant medium- to long-term improvement in the 
control of hyperglycaemia occurring in the con-
text of a lowered medication burden. Other 
comorbidities such as essential hypertension are 
also more easily managed after surgery.

 Glucotoxicity, Inflammation 
and Microvascular Complications 
of Diabetes

The exact mechanism of microvascular compli-
cations in patients with diabetes is not fully 
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understood, but multiple factors are involved 
including metabolic, haemodynamic, inflamma-
tory, genetic and immunological alterations.

Excess circulating glucose can bind to amino 
acids in the circulating or tissue proteins forming 
reversible glycation end products and eventually 
irreversible advanced glycation end products 
(AGEs), which accumulate in the tissues and 
contribute to the development of microvascular 
complications [4]. Chronic hyperglycaemia 
increases reactive oxygen species (ROS) and 
causes mitochondrial DNA damage. In the polyol 
pathway, glucose is reduced to sorbitol by aldose 
reductase (AR), which is then converted to fruc-
tose by sorbitol dehydrogenase (SDH). An over-
expressed AR increases sorbitol content [5] and 
enhances oxidative stress [6]. The accumulation 
of sorbitol and fructose and its derivatives, such 
as fructose-6-phosphate and triose-phosphate, 
leads to the generation of oxidative stress and 
augments the production of AGEs [7]. Activation 
of the protein kinase C (PKC) pathway leads to 
increased vascular permeability, enhanced syn-
thesis of extracellular matrix components and 
increased production of reactive oxygen species 
(ROS) and oxidative stress. Activation of ROS 
increases the production of AGEs and enhances 
glucose entry into the polyol pathway and PKC 
activation. In addition, ROS directly damage 
endothelial glycocalyx [8]. Hyperglycaemia con-
tributes to the formation of unfolded or misfolded 
proteins within the endoplasmic reticulum (ER). 
Accumulation of dysfunctional proteins may 
cause ER stress in a response that contributes to 
the development of diabetic microvascular com-
plications [9].

Mounting evidence supports the hypothesis 
that specific growth factors are involved in the 
development of microvascular complications of 
diabetes. Stressed and overloaded adipose tissue 
is an important source of inflammatory cytokines 
and growth factors such as tumour necrosis factor 
(TNF)-a and interleukin (IL)-6 [10] which char-
acterise the systemic inflammatory milieu in 
T2DM.  Vascular endothelial growth factor 
(VEGF) is a pro-angiogenic cytokine which is 
implicated in the development of nephropathy 
and retinopathy [11, 12].

 Bariatric Surgery

The most commonly performed laparoscopic 
bariatric procedures are adjustable gastric band-
ing (AGB), Roux-en-Y gastric bypass (RYGB) 
and vertical sleeve gastrectomy (VSG) [13]. 
Indications for bariatric surgery are a 
BMI > 40 kg/m2 or BMI > 35 kg/m2 with signifi-
cant obesity-related comorbidities including 
T2DM (NIH,1 ADA,2 European, NICE3 and 
NHMRC4).

Bariatric surgery can substantially improve 
the quality of life by reducing weight and 
reducing concomitant morbidities such as 
hypertension and dyslipidaemia and reducing 
the overall diabetes-related complications [14, 
15]. The American Diabetes Association expert 
group defined remission of diabetes as an 
HbA1c concentration in the normal range, fast-
ing glucose concentration of 5·6  mmol/L or 
less without medical treatment for at least 
1 year [16].

In a retrospective cohort study, Arterburn 
et al. identified 4434 adults with type 2 diabetes 
who had gastric bypass in the period from 1995 
to 2008. Overall, 68.2% experienced an initial 
complete diabetes remission within 5 years after 
surgery. Among those, 35.1% redeveloped dia-
betes within 5 years [17]. In an unblinded ran-
domised controlled trial that included 60 obese 
patients with recently diagnosed type 2 diabe-
tes, it was found that 73% of patients achieved 
remission after 2 years of laparoscopic adjust-
able gastric banding [18]. A 3-year achievement 
of an American Diabetes Association composite 
treatment goal after 2 years of intensive lifestyle- 
medical management intervention, with and 
without Roux-en-Y gastric bypass, found no 
remission of diabetes in the medical manage-
ment group at 36 months, whereas 17% of gas-
tric bypass patients had full remission and 19% 
had partial remission [19]. A meta-analysis of 
randomised controlled trials, non-randomised 

1 National Institutes of Health
2 American Diabetes Association
3 National Institute for Clinical Excellence
4 National Health and Medical Research Council
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controlled clinical trials, cohort studies and 
case-control studies with follow-up for more 
than 2  years showed that 64.7% of patients 
achieved complete or partial remission of diabe-
tes. The rate of diabetes recurrence ranged from 
20.6% to 43.3% [20]. Several studies have dem-
onstrated the long-term safety of bariatric sur-
gery [14, 21, 22], with mortality rate ranges 
from 0.1% to 0.5%.

There is growing evidence suggesting that 
bariatric surgery can attenuate the development 
of microvascular complications of diabetes. 
Bariatric surgery was associated with a 65% 
reduction in major macrovascular and microvas-
cular events in moderately and severely obese 
patients with T2DM [23]. The Swedish Obese 
Subjects (SOS) study was designed to investi-
gate the overall mortality and the incidence of 
complications in two groups of obese patients; 
one group underwent bariatric surgery, whereas 
the other group received medical treatment. The 
study showed a marked (29%) long-term reduc-
tion in the overall mortality and complications, 
noticeably those associated with raised fasting 
insulins and patients with diabetes. The inci-
dence of microvascular complications in type 2 
diabetes mellitus was lower than that in patients 
managed with lifestyle interventions [21]. 
Schauer et  al. evaluated 1160 patients who 
underwent LRYGBP (240 had IFG or T2DM) 
from July 1997 to May 2002. During this 5-year 
period, LRYGBP resulted in significant weight 
loss (60% of excess body weight loss) and reso-
lution (83%) of T2DM [24].

Understanding the mechanism of weight loss 
associated with bariatric surgery, identifying the 
main factors contributing to improved comor-
bidities and reversing the progression of micro-
vascular complication of diabetes have all been 
pursued in recent research studies. At least ten 
randomised controlled trials (RCTs) confirmed 
the superiority of surgery in achieving glycae-
mic control compared with conventional medi-
cal treatment [25, 26]. In most RCT studies, 
surgery resulted in a reduction in HbA1c by 
2–3.5%, compared to 1–1.5% reduction by 
intensive medical therapy.

 Bariatric Surgery and Diabetic Kidney 
Disease (DKD) (Table 50.1)

Microalbuminuria is the earliest laboratory 
marker of kidney damage associated with obe-
sity and DKD and becomes manifest and pro-
gressive in 25–40% of patients. 
Microalbuminuria is defined as the presence of 
an abnormal levels of albumin in the urine 
(>30 mg/day or 20 μg/min; urinary albumin/cre-
atinine ratio (ACR >3.0 mg/mmol). Albuminuria 
reflects pathological changes in the renal paren-
chyma characterised by cellular hypertrophy, 
thickening of the glomerular and tubular base-
ment membranes and extracellular accumula-
tion of matrix proteins. Loss of podocytes in 
glomeruli is an early pathological feature of 
DKD. Hypoadiponectinaemia is an established 
risk factor for these changes, and an adipose-
renal axis acting via adiponectin is implicated in 
the health of the podocyte [27, 28].

Published case reports have demonstrated a 
remarkable resolution of diabetic nephropathy in 
obese patients following bariatric surgery. Up to 
9 years of follow-up of 985 patients, undergoing 
bariatric surgery and 985 matched controls found 
that patients who underwent bariatric surgery had 
a 58% lower risk of an eGFR decline of ≥30% 
[29]. A retrospective evaluation of renal function 
in 32 obese patients with diabetes found a signifi-
cant reduction in uACR after a mean follow-up of 
1  year post RYGB [30]. In a prospective case- 
control study, RYGB surgery was superior to 
medical treatments for DKD [31]. An improve-
ment in glomerular hyperfiltration was demon-
strated in a prospective evaluation of a cohort of 
19 obese patients with diabetes following RYGB 
[32]. Bariatric surgery significantly decreases 
urinary albumin excretion in DKD [33]. In a pro-
spective case-control study of 70 obese surgical 
patients with type 2 diabetes, RYGB was supe-
rior to medical therapy for the treatments of DKD 
but not retinopathy or neuropathy. A 5-year retro-
spective follow-up of 52 obese subjects with T2D 
who underwent bariatric procedures (36 RYGB, 
13 LAGB and 3 sleeve gastrectomy) reported a 
58.3% remission of diabetic nephropathy [34]. 
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Renal complications were dramatically reduced 
in the surgical arm of biliopancreatic diversion in 
an unblinded, case-controlled trial with 10-years’ 
follow-up, conducted from July 1998 through 
October 2009 [35]. Schauer et  al. randomised 
150 obese patients with uncontrolled type 2 dia-
betes to receive either intensive medical therapy 
alone or intensive medical therapy plus Roux- 
en- Y gastric bypass or sleeve gastrectomy. The 

primary end point was a glycated haemoglobin 
level of 6.0% or less. A notable outcome of this 
study was a 64% reduction in albuminuria after 
RYGB [36].

Bariatric surgery such as RYGB may however 
increase the risk of hyperoxaluria, supersatura-
tion of calcium oxalate and subsequent nephroli-
thiasis. These side effects should be weighed 
against the overall benefits of these procedures.

Table 50.1 Summary of studies that analysed the effect of bariatric surgery on renal outcome in obese patients with 
T2DM

Study design
No. of 
subjects Follow-up Intervention Outcome

Izzedine  
et al. [47]

Case report 1 24 months (RYGB) Decreased proteinuria and 
serum creatinine levels

Perez  
et al. [48]

Case report 1 9 months (RYGB) Resolution of 
microalbuminuria

Agrawal  
et al. [30]

Retrospective 94
(32% 
T2DM)

12 months (RYGB) Significant reduction in 
albuminuria

DePaula, A. L. 
et al. [49]

Prospective 11 4–16 months Ileal interposition into 
the proximal jejunum via 
a sleeve or diverted 
sleeve gastrectomy

Substantial improvement in 
microalbuminuria, 
macroalbuminuria and 
eGFR

Saliba  
et al. [32]

Prospective 35
(54% 
T2DM)

12 months (RYGB) Improved GFR

Navaneethan 
et al. [50]

Pilot 15 6 (RYGB, 9)
(Other types, 6)

Reduction of albuminuria

Iaconelli  
et al. [35]

Case-control 22 10 years (BPD versus medical 
care)

Improved GFR and 
remission of albuminuria

Heneghan, 
H. M.  
et al. [34]

Retrospective 52 5 years GBP, SG, AGB Diabetic nephropathy 
resolved in 58.3% at a mean 
follow-up of 66 months

Hou  
et al. [51]

Retrospective 233 12 months RYGB, VSG and LAGB Improvement in eGFR 
across grades of CKD and 
reduction in hyperfiltration

Stephenson 
et al. [52]

Retrospective 
analysis

23 3 years LAGB LAGB may improve or 
reverse renal damage

Jose  
et al. [53]

Retrospective 
observational 
study

25
(20% 
T2DM)

2–6 years BPD eGFR improved 
significantly a mean 
increase of 10.6 ± 15.45 at 
study end (p = 0.048)

Brethauer 
et al. [54]

Retrospective 217 5 years RYGB, VSG and LAGB Regression of diabetic 
nephropathy

Amor  
et al. [55]

Prospective 96 12 months RYGB and VSG
(observational)

Reduction and remission of 
albuminuria

Miras  
et al. [56]

Prospective 
case-control 
study

67 12–
18 months

(RYGB) ACR decreased significantly 
in the surgical group

Zakaria et al. 
[57]

Retrospective 20 13 years LAGB No unfavourable effect on 
kidney function and 
retinopathy

GBP gastric bypass procedure, SG sleeve gastrectomy, BPD biliopancreatic diversion, AGB adjustable gastric band, 
LAGB laparoscopic adjustable gastric banding
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 Bariatric Surgery and Diabetic 
Retinopathy (DR) (Table 50.2)

Diabetic retinopathy (DR) is the most common 
microvascular complication of diabetes with a 
prevalence rate ranging from 10% to 50% 
depending on study population [37]. Depending 
on the presence or absence of abnormal new 
vessels, there are two main types of DR: prolif-
erative retinopathy (PDR) and nonproliferative 
retinopathy (NPDR). The presence of red dots 

(microaneurysms and/or haemorrhages) and 
signs of vascular hypermeability such as hard 
and soft exudates and signs of capillary closure 
such as cotton- wool spots characterises 
NPDR. According to the international (AAO5) 
classification, NPDR is graded as mild, moder-
ate and severe. The Royal College of 
Ophthalmologists classifies proliferative dia-
betic retinopathy (PDR) based on location and 

5 American Academy of Ophthalmology

Table 50.2 Summary of studies that analysed the effect of bariatric surgery on retinopathy outcome in obese patients 
with T2DM. STDR sight-threatening diabetic retinopathy

Study
No. of 
subjects Follow-up Outcome

DePaula, 
A. L. et al. 
[49]

11 4–16 months Objective improvement in retinopathy was demonstrated in four 
patients (36.4%). Symptomatic improvement was observed in all 
11 patients

Varadhan 
et al. [58]

22 6–12 months 9% development new DR
9% had progression of pre-existent retinopathy
59% had no DR before and after surgery
14% had stable DR through surgery
9% were noted to have regression of DR after surgery

Miras  
et al. [41]

67 12–18 months 1.5% progression of pre-existing DR
7.5% regression of pre-existing DR
91% no change

Abbatini  
et al. [59]

33 3 or 5 years The Framingham risk score decreased significantly from 9.7% 
preoperatively to 4.7% postoperatively. No new diabetic 
retinopathy occurred during the whole period of observation

Johnson  
et al. [23]

15,951 20 months Surgery vs. controls
Diagnosis of blindness, <0.1% vs 0.3%
Laser eye/retinal surgery required, 0.2% vs 0.6%

Thomas  
et al. [60]

38 12 months Low incidence of new DR and progression of DR in those either 
without evidence of retinopathy or with minimal BDR prior to 
surgery with some subjects showing evidence of regression

Miras  
et al. [56]

Surgical: 56
Medical: 21

1 year 11% progression of pre-existing DR after bariatric surgery
11% regression of pre-existing DR after bariatric surgery
78% no change after bariatric surgery

Murphy  
et al. [61]

318 334 days 16% progression of pre-existing DR
11% regression of pre-existing DR
73% no change

Kim  
et al. [62]

20 12 months All five patients with moderate nonproliferative DR or worse 
preoperatively had progression requiring intervention

Singh  
et al. [44]

150 2 years There was no significant change in diabetic retinopathy scoring 
from baseline within and between each cohort

Banks  
et al. [43]

Surgical: 21
Medical: 24

2 years DR showed significant progression for those in the control group 
(p = 0.03) but not in RYGB group (p = 0.135)

Zakaria  
et al. [57]

Surgical: 21
Medical: 24

13 years No unfavourable effect on kidney function and retinopathy

Brynskov 
et al. [63]

56 1, 3, 6 and 
12 months.

Diabetic retinopathy was clinically stable after bariatric surgery

Amin  
et al. [42]

Surgical: 152
Medical: 155

3 years After bariatric surgery, patients with T2DM remain at risk for 
developing STDR. Surgery was associated with a lower 
progression to STDR or maculopathy compared with routine care
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severity. There are two types according to loca-
tion: the presence of new vessels on the disc 
(NVD) or within one disc diameter (DD) of the 
margin of the disc or new vessels elsewhere in 
the retina (NVE).

Neoangionesis, altered vascular permeability 
and inflammation are the main pathological driv-
ers of diabetic retinopathy [38]. HbA1c and con-
comitant diabetic nephropathy are risk factors 
independently associated with progression of 
NPDR to PDR [39].

The postoperative probability of having dia-
betic retinopathy was associated with the extent 
of HbA1c reduction from presurgery HbA1c 
levels (Murphy, Jiang et al. 2015). An improved 
arteriole-to-venule ratio of retinal vessels was 
demonstrated after a median of 9  months fol-
lowing bariatric surgery of a 30-year-old patient 
with obesity WHO III [40]. A retrospective 
study analysed the outcome of bariatric surgery 
on 67 patients, reported a significant (17.8%) 
improvement in DR, compared with a worsen-
ing of 3.6% of cases [41]. A large, population-
based, retrospective cohort study of adult obese 
patients with T2DM, conducted from 1996 to 
2009, reported less ophthalmic manifestations 
in the bariatric surgery group as a secondary 
endpoint [23].

A retrospective cohort study investigated the 
impact of bariatric surgery on the progression to 
sight-threatening DR (STDR) in 152 patients 
with type 2 diabetes between January 2005 and 
December 2012. After bariatric surgery, patients 
with T2DM remain at risk for developing STDR, 
even those who did not have evidence of DR 
before surgery. However, surgery was associated 
with a lower progression to STDR or maculopa-
thy compared with routine care [42].

A retrospective case-control study reported no 
significant differences in the progression or dete-
rioration of DR in post RYGB compared with 
conservative medical treatment [31]. Similar 
findings were reported by Banks et al. [43]. The 
STAMPEDE trial did not demonstrate a signifi-
cant difference in retinopathy outcomes follow-
ing bariatric surgery compared to intensive 
medical therapy, but the study was likely under-
powered as the majority of patients did not have 
retinopathy at baseline [44].

 Bariatric Surgery and Diabetic 
Neuropathy (Table 50.3)

Diabetic polyneuropathy affects 30–50% of 
patients with diabetes mellitus. The pathogenesis 

Table 50.3 Summary of studies that analysed the effect of bariatric surgery on the outcome of neuropathy in patients 
with T2D. LRYGBP laparoscopic Roux-en-Y gastric bypass

Study design
No. of 
subjects Follow-up Intervention Outcome

Philip R 
Schauer 
et al. [24]

Prospective 
follow-up

191 had 
IFG or 
T2DM

5 years LRYGBP Symptomatic improvement of 
diabetic neuropathy was 
reported by 50% of patients 
after surgery

DePaula, 
A. L. et al. 
[49]

Prospective 
cohort study

8 4–16 months Ileal interposition into the 
proximal jejunum via a 
sleeve or diverted sleeve 
gastrectomy

Improvement in distal 
polyneuropathy occurred in 
62.5%

Menezes, 
M. S. et al. 
[64]

Case report 3 1–4 months (Restrictive method 
Roux-en-Y gastric 
bypass)

Three subjects developed, 
postoperatively, peripheral 
neuropathy

Muller-Stich 
et al. [46]

Prospective 
cohort study

20 6 months RYGB Symptomatic neuropathy was 
completely reversible in 67% 
of the patients

Miras et al. 
[56]

Prospective 
case-control 
study

54 12 months RYGB No clinically significant 
changes in any of the nerve 
conduction variables

IFG impaired fasting glucose
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of diabetic DN is multifactorial. The main patho-
logical manifestations are microangiopathy, seg-
mental demyelination and Wallerian degeneration. 
Protein kinase C, polyol pathway, advanced gly-
cation end products, reactive oxygen species and 
cytokines play a pivotal role in the pathogenesis 
of diabetic neuropathy.

A profound recovery from diabetes-associ-
ated comorbidities, such as nephropathy, 
peripheral neuropathy and retinopathy, was 
reported after sleeve gastrectomy [45]. 
However, there is not yet enough data to show 
the long-term impact of bariatric surgery on 
diabetic neuropathy. A single- armed prospec-
tive cohort study reported a significant improve-
ment in neuropathy symptom scores (NSS) and 
neuropathy disability scores (NDS) early after 
laparoscopic RYGB in a group of obese patients 
with insulin-dependent T2DM.  Symptomatic 
neuropathy was reversible in 67% of those 
patients [46].

Improved control of diabetes and amelioration 
of other risk factors following bariatric surgery 
may have beneficial effects on neuropathy. 
However, postoperative micronutrient deficiency 
specifically in B vitamins may detract from any 
potential benefits and nutritional status should 
this be managed in a specialised setting to opti-
mise outcomes.

 Conclusion

Intensive glycaemic control alone has been 
shown to be insufficient to prevent the incidence 
and the progression of microvascular complica-
tions of diabetes. Bariatric surgery is known to 
induce greater weight loss with a higher cure 
rate of obesity-related comorbidities. 
Identification of the precise mechanisms of post-
operative weight loss and improved comorbidi-
ties could improve and optimise the surgical 
procedure, especially as many of the beneficial 
effects of surgery may be enhanced by adding 
medication such as metformin, angiotensin-con-
verting enzyme inhibitors or statins. 
Understanding the role of the metabolic, hor-
monal, genetic and inflammatory factors 

involved in the aetiology and pathophysiology of 
obesity and diabetes remains a challenge. More 
RCTs are required to define the long-term impact 
of bariatric surgery on microvascular outcomes 
and to establish whether renal, retinal and neuro-
pathic complications are impacted in similar or 
different fashions at follow-up. To date the best 
evidence base exists in relation to diabetic kid-
ney disease. RCTs powered to compare surgery 
versus best medical approaches in terms of renal 
microvascular complications are currently 
underway, and results are eagerly anticipated.
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hypoglycemia, 307, 310
Postprandial hypoglycemia, 15, 308

partial pancreatectomy, 308
symptoms, 308

Postsurgical eating avoidance disorder  
(PSEAD), 68, 70, 291

Potassium channel activator, 322
Pouch

endoscopic measurement, 340
endoscopic treatment, 339
weight regain, 338

Prader-Willi syndrome, 24, 218
Prejudice, 215–216
Preoxygenation, 104–105
Proglucagon-derived peptides (PGDPs), 384
Proinsulin, 309
Proliferative diabetic retinopathy (PDR), 473
Prolonged T2DM remission, 415
Proopiomelanocortin deficiency (POMC), 24
Prophylactic cholecystectomy, 55
Prophylactic surgery, 295
Prophylaxis, 100
Proton pump inhibitor (PPI), 141

marginal ulcer, 250, 251
Psychiatric anamnesis, 68
Psychiatric disorders (PD), 215, 265, 267

in bariatric surgery, 217–218
identified during postoperative period, 68–69
interference of, 69–71
nutritional deficiencies, 71
obesity, 215–216
prevalence of, 67, 217
suicide, 270
weight loss, 71

Psychological symptoms, 72
Psychopharmacological treatment, 72
PubMed, 267
Pulmonary embolism (PE), 223
Pulmonary function tests, subdivisions, 75–77
Purse-string suture, 297, 298

Q
Quality of life (QoL), 265

R
Radiography, rhabdomyolysis, 260–261
Randomized controlled trials (RCT), 7, 47
Rapid eye movement (REM) sleep, 80
Reactive hypoglycemia, 307
Reduced resting energy expenditure (REE), 12
Refeeding, 276
Remanescent gastric distension, 239
Reproduction and obesity, 34–35
Residual volume (RV), 76, 100
Respiratory diseases and obesity, 35–36, 99–100
Respiratory function impairment, 25
Restorative Obesity Surgery Endoscopic (ROSE), 166
Retrocolic approach, mesenteric defect, 182
Retrocolic orientation, 119
Reverse Trendelenburg position, 112, 114, 118
Revisional surgery, 171

indication, 172

Index



489

Reward deficiency syndrome (RDS), 68
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